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I1 MITYo!JbCHbiH peaKTOp Ha 6hiCTpb!X Heii:TpOHaX nepROJlii'IeCKOI'O JleHCT

BII.II (I1EP) 6hin ITOCTpOeH B 1958-1959 rr, R nymeH B aKcnnyaTaUIIIO B' 

1110ne 1960 r. C Tex nop oH npopa6oTan 25000 'l:acoB; Bhipa6oTaHHa.ll aHep-

1'11.11 cocTaBIIna 65000 KBTI'IacoB. I1c'lepnhiBaiOIUee oniiCaHIIe TeOpJiW I1EPa 
/1 2 3 4/ 

R ero KO!ICTpyKUIIII Jl8HO B pa6oTaX 1 1 1 , 

, 3a BpeM.II npOJlOmKIITenbHOH K8MIT8HIIII peaKTOpa HaKonneH JlOCTaTO'IHbiH -

MaTepnan, IT03BOn.IIIOIURH C)lenaTb nonmKIITenbHbie Bb!BO)lhr OTHOCHTenbHO Ha

)le:1KHOCTII1 yCTOH'IHBOCTII B pa6oTe R uenecoo6pa3HOCTII npiiMeHeHII.II IIMrrynbc

HOI'O peaKTOpa nepHQJlH'IeCKOI'O JleHCTBR.II )ln~ lliHpOKOI'O_Knacca ~113II'l:eCKIIX 

nccJieJlC>BaHHii:, B npouecce aKcnnyaTaUHII ycTaHOBKR p.IIJl yanoB R caM peaK-

TOp B uenOM npeTepnenR 3H8'1RTenbHhie R3MeHeHII.II1 CB.II38HHbie C RX yc;o-

. BeprueHCTBOBaHIIeM .;.; o6ecne'l:eHneM 6onee HaJle:lKHOii: pa6oThi n yny'lrneHReM 
' /56,78/ 

tiJH3II'l:eCKHX XapaKTepiiCTRK ycTaHOBKII 1 1 , 

YcneruHhiii: onhiT pa6oThi I1EPa noaBoniin npiiCTyniiTb K C03JlaHIIIO 

I1EP-30 - ycoBeprueHCTBOBaHHoro, 6onee MOIUHoro aHanora I1EPa, a TaK:lKe 

npeJlCTBBIITen.ll cneJlyiOIUei'O ITOKOneHII.II RMnynbCHbiX peaKTOpOB nepHOJlH'IeC-' 

KOI'O JleHCTBII.II - I1EP-2, flpoeKT STOI'O 4 - Mei'aBaTHOI'O peaKTOpa C, 

:lKRJlKOMeTannH'l:eCKIIM oxna:~KJleHIIeM paapa6aTbiBaeTC.II OI1HI1 COBMeCTHO c ·· 

npoeKTHhiMH opraHH3aUR.IIMH CoBeTcKoro Co10aa, 

3 



§f. OnbiT SKcnnyaTaUHH H ycoBepiiieHCTBOBaHHe 

peaxTopa HEP 

0TnH'IHTenbHaSI OC06eHHOCTb . HMnynbCHOI'O _peaKTOpa nepHOJlH'IeCKOI'O 

neiicTBHSI - ycTpoiicTBO nnSI co3JlaHHSI nynl,cauHH peaKTHBHOCTH • .llnSI HEPa 
. ·t 

3TO JlBa JlHCKa. C ypaHOBbiMH .CKnSJlbiiiiaMH, JlBHI'aTenb llOCTOSIHHOI'O TOKa H 

CHCTeMa nepej;!,a'IH BpameHHSI OT JlBHI'aTenSI ,K Jl-HCKaM. 3a BCe BpeMSI pa6o

Tbl 6binH 3apei'HCTpHpOBaHbl_ cne~yiOIIIHe HeHcnpaBHOCTH MeXBHH'IeCKOH 'laC-

TH! 

... a) Pa3pyiiieHHe onHoro H3 onopHbiX noJliiiHllHHKOB rnaBHoro JlHCKa; 

3TO Bbi3Bano nepeKOC Bana, OJlHaKO llOBpe>KJleHHH TennOBbiJlenSIIOIIIHX aneMeH

TOB He 6binOo 

Tenepb B peaKTOpe Hcnonb3YIOTCSI 6onee BhiCOKOKa'leCTBeHHbie llOJliiiHn-

llHKH H" ycTaHOBneH BTOpOH CTpaXyiOIIIHH KOMnneK'i' llOJliiiHniiHKOB, OI'paHH'IH

BaiOIIIHX nepeKoc _Bana B cny'lae noBpe>KneHHSI pa6o'lero KOMnneKTa. 

6) ·Pa3pyiiieHHe llOJliiiHllHHKa H JleTaneii nepena_'IH BCllOMOI'aTenbHOI'O 

JlHCKa, o6ycnoBn~7HHOe paJlHSUHOHHOH nonHMepH3aUHeH KOHCHCTeHTHOH- CMa3-

KH; B CBSI3H c ST~M KOHCHCTeHTHaSI CMa3Ka 6hma 3aMeHeHa npoTo~aoii~ · 

B) I13HOC 3y6beB MyciJTbi, coeJlHHSIIOIIIeii Banbi penyKTopa H rnaBHoro 

JlHCKa,- Bbi3B8HHb!H KpyTHnbHbiMH KOne6aHHSIMH B -CHCTeMe. Me>KJly BanaMH 

f>hina llOCTaBneHa MyciJTa C pe3HH0Bb!MH npoKnaJlKaMH, I'aCSIIIIaSI KOne6aHHSio 

r) HaH6onbiiiei'O BHHMaHHSI llOTpe6oBano CTanbHOe llOKpb!THe OCHOBHO-.· 

ro ypaHoBoro BKnaJlbiiiia, KOTopoe _y>Ke BCKope nocne nycKa peaKTopa o6Ha

PY>KHno TeHneHUHIO. K Bhmy'IHBaHHIO. · 8ToT ciJaKT 6bin HenpHSITeH H3-aa Toro, 
. ' , - - I \.. 

'ITO 3aaop Me>KJlY HenonBH)KHoii aKTHBHOH 30HOH H noBepXHOCTbiO nHCKa coc-
- I 

_Tf!BnSin BCero 1,7' MM • .llnSI KOHTpong 3a. COCTOSIHHeM llOKpblTHSI 6hinH BBeJle-

- Hbl eMKOCTHble JlaT'IHKH 1 perHCTPHPYIOIIIHe «iJopMy npo«iJHnSI llOKpblTHSI BO Bpe

MSI BpameHHSI ,llHCKa. K neTy .1963 r. BblllY'IHBaHHe COCTaBHnO 0,6 MM Han 

llOBepXHOCTbiO nHCKa; JlnSI yBenH'IeHHSI 6e3onaCHOCTH pa60Tbl 6bina CHH>KeHa 

CKOpOCTb BpameHHSI JlHCKa C 5000 06/MHH no 3000 06/MHH H yBenH'IeH 3a-

30p Me>KJly · JlHCKOM H SKTHBHOH 30HOHo 

A 

.,.. 
' : 

\.._ 

~ ( 

-I 

't 

' 'l 

B KOHUe 1963 r. JlHCK C ypaHOBbiM BKn 

BbiM C TOniiiHHOH liOKp.biTHSI, yBenH'IeHHOH OT 

BaHHH o'Tpa60T8BIIIei'O ypaHOBOI'O BKnSJlbllua H• 

60 H3MeHeHHH ero ciJopMbl. llpOBeJleHHbiH ll03l 

BKnaJlbiiiia H 3KCllepHMeHTbl Ha MOJlenSIX ll03B 
- ) 

'IHBaHHe llOKpblTHSI o6ycnaBnHBaeTCH JleikTBHI 

B o6ono'IKe BKnaJlhliiia H ycyry6nSieTcSI HanH~ 

HaneeMCSI1 _ 'ITO BBeJleHHble Ha OCHOBaHHH 3THJ 

cTpyKUHH o6ono'leK no3BonSIT cymecTBeH~o y1 

BYIO Harpy3Ky Ha BKnaJlbiiiiH HEP-30 • 

BcnoMoraTenbHhiH nOJlBH>KHhiH BKnaJlhiUI 

'laCTOTbl llOBTOpeHHSI HMllYnbCOB1 onpenenSieT . ' -
_COB MOIIIHOCTH ( *caTennHTOBu), KOTOpble _HME 

OCHOBHOI'O BKnSJlbiiiia -iJepe3 -aKTHBHYIO 30Hy, 

Jlbiiii - BHe 30Hbi.- OnbiT ciJH3H'IeCKHX HccnenoJ 

'ITO HanH'IHe CaTennHTOB B pSine Cny'laeB 381 

MeHTanbHblX JlaHHbiXo_.llnSI yMeHbiiieHHSI aMnn~ 

npoeKTHbiH BCllOMOI'aTenbHblH BKnaJlhliii 6bin ~ 

nhiM, c aciJ«iJeKTHBHOCTbiO oKono 1%. MHoro HI 

. TSUHH JlOCTaBnSina CMeHa penyKTOpOB H npOB• 

ro H BcnoMoraTenbHoro JlHCKOB 8py'IHYIO npH 

noBT?peHHSI HMnynbcoB Ha npyryiO. B 1965 I 

TpOMeXaHH'IeCKaSI CHCTeMa, ll03BOnSIIOIII8SI Jll 

nyxTop Ha npyry10 nepena'ly c coxpaHeHHeM 

HOBHOI'O H BCllOMOI'aTelibHOI'O. nHCKOB. 

- B 1964 r. 6hma npoBeJleHa peKOHCTPY.K 

aKTopa: yBenH'IeH pacxon Bo3nyxa aa TennoE 
3 . ' 

170 M /'lac, BBeneao npHHYJlHTenbaoe oxna>K. 

3aiiiHTbi. 8TH Mephl ll03BOnHnH llOJlHSITb cpeJl 

5 

,._ 



-,· 1 

H ycoBepmeHCTBOBaHHe 

HMfiYnbCHOPO peaKTOpa nepHOnH'IeCKOPO 

nyffi,caUHH peaKTHBHOCTH. ,UnSI 11EPfi 

nBHPaTenh llOCTOSIHH9PO TOKa H 

.K n·HCKaMo 3a BC9 Bp9MSI pa6o:.. 

a ... ~nme H9HCnpaBHOCTH MeXaHH'19CKOll 'laC-

onopHblX nonWHllHHKOB rnaBHOPO nlfCKa; 

KO noBpe)!{neimii TennoBhtnenmomHx 9neMeH-

6onee BblCOKOKa'leCTB9HHbl9 nonWHll

... vl0!11Hll KOMnneKT nonWHllHHKOBi orpaHH'IH

.llOBOe)!{neHHR·pa6oqero KOMnneKTa. 

neTaneii nepena.'IH BcnoMoraTenhHoro 

nonlfM9pH3aUHeii KOHCHCT9HTHOll CMa3;_ 

CMa3Ka 6btna 3aMeHeHa npOTO'IHOll~ 

Kone6aHHSIMH B ·CifCTeMe. Me)!{ny BanaMH 

npoKnanKaMH, racSimaSI Kone6aHHSI. 

y)!{e BCKope nocne nycKa peaKTopa o6Ha-.. 

.3TOT lP8KT 6btn HellpHSITeH H3-3a TOP0 1 
. ~ 

Oii 30HOii H llOBepXHOCTbiD nHCKa COC-

COCTOSIHHeM llOKpblTHSI 6binH BBene

ljJOpMy npoljJHn~ noKpbi'fHSI BO :Bp~
BhinY'IIiBaHHe coc.TaBHno 0,6 MM Han 

4 

6htna CHH)!{eHa 

3000 o6/MHH H yBenH'I9H 3a-

... 

l 

' 

... 

! 
i_l 

B KOHUe 1963 r. nHCK C ypaHOBblM BKHanhiWeM 6htn 3aMeHeH Ho-. - ... 
BhiM C TOnWifHOll llOKp.blTHSI, yBenH'I9HHOll ~T 0,4 no 0,6 MMo TipH .HCCneno-

• 
BaHHH O.Tpa6oTaBWero ypaHOBOPO BKnanhiWa He 6btn0 o6Hapy)!{eHO KaKHX;_nH-

6o H3MeHeHHii ero ljlopMbi. TipoBeneHHbiii noanHee aHanH3 ycnoBHii pa6oThi 

BKnanhiWa H 3KCll9pHM9HThl H8 MOnenSIX ll03BOnHnH ycTaHOBHTh, 'ITO Bhmy

'IHBaHH9 llOKpblTHSI o6ycnaBnHBaeTCSI neiiCTBH9M TeMnepaTypHbiX. HanpSI)!{9HHi 

B o6ono'IKe Bimanhtma H ycyry6nSieTcSI HanH'IHeM ueHTpo6e)!{HbiX cHn. Mbi 

HaneeMCSI,. 'ITO BBeneHHbie Ha OCHOBaHHif 3THX naHHblX H3M9H9HHSI B KOH

CTpyKUHH o6ono'leK ll03BOnSIT cymeCTB9HHO yBenH'IHTb 6eaonaCHYID Tenno

BYID HarpyaKy Ha BKnanhiWH 11EP-30. 

BcnoMora1-enbHbiii nonBH)!{Hhiii BKnanhiW, ,cny)!{amHii nnSI H3MeHeHHSI 

'JaCTOTbl llOBTOpeHHSI HMllYnhCOB 1 onpenenSieT BenH'IIiHY no6o'IHblX HMllynh-

• t . 
. coB MOIIlHOCTH ( .. caTennHTOB"), KOTOphie HMeiDT MecTo npH np·oxo)!{neHHH 

OCHOBHOPO BKnanhiWa qepe3 aKTHBHYID 30Hy 1 ec-~H BCllOMoraTenbHblll BKna;... .. ~. 

nhiW - BHe aoHhi. · On biT ljJH3H'IeCKHX HccnenoBaHHii Ha peaK Tope noKaaan, 

qTo HanHtJHe caTennHTOB B pSine cnyqaeB aaTpy~HSieT o6pa6oTKY aKcnepH

MeHTanbHhiX naHHbiXo. ,UnSI yMeHblll9HHSI aMnnHTynhi no60'IHblX HMnynbCOB 

npoeKTHhiii BcnoMoraTenhHb7ii BKnanhiW .6htn aaMeHeH ·HO~hiM, 6onee TSI>i<e

nhiM, c aljlljleKTHBHOCTbiD oKono 1%. MHoro Heyno6cTB B npouec.ce aKcnnya

TaUHH nocTaBnSina cMeHa penyKTopoB H npoBeneHHe· cimxpoHH3aUHH rnaBHo

ro H BCllOMOPaTenhHOPO nHCKOB 'Bpy'IHYID npH nepexone C OllHOll ''JaCTOTbl 

llOBT?peHHSI HMnynhCOB Ha npyryro. B 1965 r. BBeneHa B,lleiiCTBHe aneK-

TpOMeXaHH'JeCKaSI CHCTeMa, ll03BOnSIIDWaSI nHC.TaHUHOHHO nepeKniD'IaTb pe

nyKTOp Ha npyryro nepena'ly c coxpaHeHHeM climcpoHHOCTH BpameHHSI ·'oc- · 

HOBHOPO H BCilOMOraTenbHOPO.nHCKOB. 

. B 1964 r. 6htna npoBeneHa peKOHCTPYKUHSI CHCTeMhi oxna)!{neHH_SI pe-
/ 

aKTopa: yBenH'IeH pacxon Boanyxa Ha TennoBhtnenHIDmHe aneMeHThi no 

170 M 3 /qac, BBeneHo npHHynlfTenbaoe oxn~)!{neHHe cTep)!{Heii aBapHM:HoM: 

38WHThlo 3TH Mepbl il03BOnHnH nonHSITb cpenHIDID MOWHOCTb peaKTOpa CH8~ 
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peaKTOpa. 
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'lana llO 3. KBT, a. 3aTeM II llO 8 

TennoBbiilensuomRx cTep:ameii Ha 

nepaTypa o6ono'IKR ypaHOBoro B 

1i3MepeHa C IIOMOll!biO TepMO'IYJ!31 

MepeHHH TeMnepaTypa ypaHa·B I 

B 1988 r. 1{3_;38 npOilOmKa 

BKJ181lbllll8 pa60'I8Sl MOll!HOCTb pE 

MOll!HOCTH peaKTOp ycnemHO npo 

'f8HOBJ1eH llJlSl 3aMeHbl ero HbBbl 

KOTOporo llaeTCSl HH)!{e, 

TiepBOHa'laJlbHO KRHeMaTH'I' 

npli 'laCTOTe IIO~TopeHHSl HMIIYJl 

CKOpOCTii BpameHHSl llliCKa 3000 

MeXaHR'IeCKOH 'laCTR. 'll8Jl B03MO 

caUHH peaKTHBHOCTH, nnSI HeK01 

HO yBeJlH'IeHHe aMIIJlHTYilbl HM~) 

HMIIYJlbCOB npH HeR3MeHHOH cpe 

K 8KCnepHMeHT8M C O'leHb Melli 

BpeMSI OT HCTO'IHHKa K JleTeKTO 

TeHCHBHOCTb !jloHa· 'nponopua,oHal 

B OCHOBHOM, He peaKTOpHoro ~] 

ll!eHHe 'laCTOTbl II03BOJ1SieT IIOJl) 

B 1988 r. Ha I1EPe 6bJJ1 

"naKeTbi" HMnynbCOB, cnellyJOm 

BHYTPH "naKeTa" orrpelleJISIJICSI 

Hoii 30Hbi) - 1/50 ceKyHJlbi, X1 

IIOKa3aH Ha .PRC, 2,_ 

Pe»mM p~llKHX HMnynbcOI 

JieTOM~ 1988 r, q~CTOTa CJleJlOI 



peaKTopa. 

6 

'!a~a JJ.O 3 KBT, a 3aTeM H JJ.O 6 KBTo_ l13MepeHHaSI TeMnepaTypa o6onoqe·K 
. • . 0 

TennOBhiJJ.enSIIOlUHX CTepx<Hefi Ha MOIUHOCTH 6 KBT COCTaBnHeT 180 C. TeM-

nepaTypa o60nO'!KH ypaHOBOI'O BKnaJJ.hiilla H JJ.HCKa. B6nH3H BKnaJlhlllla 6himi ' 

H3MepeHa C IIOMOIUblO TepMO'!yBCTBHTenhHhiX KpaCOK; IIO JJ.aHHhiM 9THX 113-
. ·- ·, . 0 

MepeHHii TeMnepaTypa ypaHa B ueHTpe BKnaJJ.hiilla ·oueHHBaeTCH B 190+-260 C. 

B 1966 r. H3-aa npoaomKa~lllei'OCH· Bhiny'!HBaHIIH noKphiTHH ypaaosoro 

BKnaJJ.hiiJJa pa6oqag MOIUHOCTb peaKTOpa 6hina CHH~eHa JJ.a 3 KBT. Ha 9TOH 

MOIUHOCTH peaKTOp ycnelllHO npopa6oTa'n JJ.O neTa 1968 I'., KOI'JJ.a OH 6bin OC

raHOBn~H anSI saMeHhi ero HOBhiM peaKTopoM - HBP-30, KpaTKoe onHcaane 

KOTOpOI'O JJ.aeTCSI HH)!{e. 

ITepnoaaqanbHO KHHeMaTH'!eCKaSI cxeMa peaKTopa ·nossonHna pa6oTaTh 
- -· . -1 .. 

llpH :tJaCTOTe IIO~TOpeHHSI HMnynhCOB MOIUHOCTH 5,10,25 H. 50 CeK (npH 

cKopoCTH sparueHHH JJ.HCKa 3000 o61MHH) •. OaaaKo pHJJ. ycos;pllleHCTBOBaHHii 

MeXaHH'!eCKOii '!aCTU JJ.arl B03MO)!{HOCTh. ocyruecTtmTh JJ.PYI'H~ pe)!{HMbl nynb

CaUHH peaKTHBHOCTH. ,Ung HeKOTOphiX <iJH3H'!eCKIIX 9KCIIepHMeHTOB )!{enaTenb-

HO ysenn'!eHHe aMIInHTYJJ.hl HM~ynhCOB MOIUHOCTH, ~.e. yMeHbllleHHe 'laCTOThl 

HMIIynhCOB npH HeH3MeHHOH Cpe.llHefi MOIUHOCTH. 3TO OTHOCIITCSI1 BO-nepBhiX, 
~ . 

K 9KCIIepiiMeHTaM C O'!eHb Me.nneHHhiMH HefiTpOHaMII ( 6onbiJJOe ?poneTHOe 

BpeMSI OT HCTO'!HHKa K .lleTeKTOpy) 1 . BO-BTOphiX 1 K TeM cny'!aSIM, KOI'.lla II H-
.. • ~ > 

TeHCHBHOCTh <iJoHa· 'nponopun,oHanhHa speMeHH pa6oThi aHann~aTopa ( T.e. <iJoH, 

B OCHO~HOM, He peaKTOpHOI'O !JPOIICXO)!{.lleHHH) •. B noc~e.nHeM cnyqae y~e~b..;. 

llleHIIe <JaCTOThl II03BOnHeT nony'IIITb ny<Jillee OTHOIJJeHIIe "s<iJ<iJeKTa" K "¢oHy~ 
. "f -

B 1966 r. ua I1BPe 6hm ocyruecTsnea pe*HM, Kor.na <iJopMnposaniicb 

"naKeThl"' IIMnyn&COB, cne.nyiOIUHe C <JaCTOTOH 1/8 I'U, a nepHO.ll HMnynbCOB 
' \ . 

BHYTPH "'naKeTa" onpe.nenSincH <JacToToii sparueHHH OIT3 (ocaosaoii no~BH)!{-

aoii 30Hhl) - 1/50 _ ceKyH.llhl. XapaKTep H3MeHeHHSI HMIIynbCOB BO BpeMem{ 

noKa3aH aa _puc. 2._ 

Pe)!{HM pe.nKHX HMIIynbCOB C IIOCTOSIHHOH aMIInHTY.llOH 6bin ocyrueCTBneH 

neToM; 1968 r. l.J:~cToTa cne.nosaaHH 6hma pasHa 1 HMIIynbcy aa 5 ceKya.n; 

7 
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3Hepr'HSI OllHOI"'O liMllYllbCa MOUlHOCTii C_OCTaBliSilla 10 · aeneHHH1 .'ITO COOT-

BeTCTByeT cpeaHeMy'noaorpeBy TenliOBNAeliSIIDlllHX 31IeMeHTOB peaKTOpa Ha 

10°C. 3Ha'leHHe MOlllHOCTH B MaKC!iMyMe COCTaBliSiliO 700 MBT. BeCbMa 

/ 

E 

.. 

Ill l1~ 1111111111111 t 

PHc.2. XapaKTep naM.eHeHHSI aHepr'liU HMnynbCOB peaKTopa l1EP BO. Bp_eMe

HH B pe:lKHMe HMllYllbCOB nepeMeHHOH aMllliHTYllblo 

H90:lKHllaHHhlM OKa3aliCSI ¢aKT 3Ha'lliT91IbHOI"'O COKpameHHSI llliHT91IbHOCTH HM

ny'nbca 6hiCTpblX HeHTpOHOB B 3TOM pe:lKHMe. flpH 'laC TOTe· HMllYllbCOB 

-1·· 5 CeK H TOH :lKe cpenHeH MOlllHOCTH 6 KBT H3MepeHHOe 3Ha'leHHe nonyum-

p!iHbl HMllyllbCa COCTaBHliO 56 MKC9K1 a B pe:lKiiMe pellKHX HMllYllbCOB -

.36 MKCeK (pHC. 3). neTeKTOpOM HefiTpOHOB B H3MepeHHSIX ¢opMbl HMITyllhCa 

. ' 

CliY:lKHlla ycTaHOBlleHHaSI B 6 M OT aKTHBHOH 30Hbl TOpHeBaSI KaMepa nene-

HHSI1 HMITYllbCbl C KOTOpOH qepe3 3119KTpOHHO-yCH1IHT91IbHYID CXeMy nonaBa

liHCb Ha BpeMeHHOH aHanH3aTop c npoMe:lKyTO'lHOH naMSITbiD 1 MKCeK. Ha6-
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Pnc.3. <PopMa HMnynbCOB MOlllHOCTn peaKTOpi 

HIISI 5 H 0,2 CeK-1. 
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cocTaBngna 10 neneHHfi, qTo cooT-

TennoBhiAenHJOillHX aneMeHTOB peaKTOpa Ha 

MYMe cocTaBJmno 700 MBT. BecbMa 

_,) 

1111111111111 - t 

HH HMnynbCOB peaKTOpa I1BP BO. Bp,eMe

nepeMeHHOH aMiinHTYAhi. 

qHTenbHOPO COKpa!lleHHH nnHTenbHOCTH HM

ITpH qacToTe MMnynbCOB 

6 KBT M3MepeHHOe 3HaqeHHe nonyruH-

a B pe~HMe penKMX HMnynbCOB -

Hei'!TpOHOB B M3MepeHHHX lj:lopMbl HMnynhCa 

OT SKTHBHOH. aOHbl TOpMeBaH KaMepa nene

aneKTpOHHO-YCMnHTenbHYJO cxeMy nonaBa

c npoMe~yToqH~fi naMHTbJO 1 MKCeK. Ha6-
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800 n ' 
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. I 
600 
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'100 

v v \ . I I \ \ 
200 

/ If' 

' "' 
' ' 

/ / ' ' r-- rsec. 
4o 0 80 120 '160 : 

PHc.3. <t>opMa ·HMnynbCOB MO!llHOCTM peaKTopa I1BP npH qacToTe noBTope
HUH 5 II 0,2 CeK-1. 



niOJlaeMhle COKpaiiieHII:e Jln!ITe.1lhHOCTH u· CJlBHI' nonoJKeHHSI MaKCHMyMa HM

nynhca CBHJleTenhCTBYIDT 0 Hanuquu MeXaHH3M~ MOII!HOI'O OTpHUaTenhHOI'O 

9~~eKTa peaKTHBHOCTH BO BpeMSI RMnynbca, 3HaqeHRe KOTOpOI'O OUeHRBaeT-
~ . . . 

CSI B 10 a6c,en. peaKTRBHOCTR,. C nOMOII!hiD TeH30qyBCTBHTe.1lhHbiX Jl8TqH':"' 

KOB perucTpnpoBanl!ch HecraunoHapHbie npoueccbi B cTanhHOH o6onoqKe Tenno-. 

BbiJle.1ISIIDII!ei'O aneMeHTa (TB3fl' a) BO BpeMSI R nocnl!l HMnynhCa, TeH30JlaTqHKH 

6hi.1IR HaKneeHbl Ha,.,nOBepXHOCTh 060.110TIKH CTepJKHSI, HaXOJlHBIIIei'OCSI Ha pac

CTOSIHRR 4,3 CM OT UeHTpa peaKTOpa, B JlBYX TOKaX ~I'O Menua~HOH nnoc

KOCTH - Hau6onee ynaneHHOii oT ueHTpa (Ng1) n non yrnoM 90° K Heii (Ng2 ). __ 

TB3n KpenunCSI B HHJKHell CBOeii qaCTH 1 B TO BpeMSI_KaK BepXHHll ei'O 

KOHeu 6bm CBo6oneH. qacToTa npononhHbiX Kone6aHuii o6onoqKu ( oTpuua~ 
TenhHOe 3HaqeHue opnnHaThi !.Ia puc. 4-7 cooTBeTcTByeT ynimHeHRID o6o- · 

. -3 
noqKu) cocTaBuna ""8000 ru npu Han6onhiiieii aMnnuTyne 3•10 MM, qTo 

JlOB0.1lhHO XOpOIIIO COI'nacyeTCSI C pacqeTHbiMH 3Haqef!RSIMH 1 nonyqeHHbiMR no" . 

MeTonuKe Randles 191 . Ha6nronaeMoe ·aanaanhmaHM:e MaKCHMyMa ynim- . 

HeHHSI o6onoqKR no OTHOIIIeHHID K HMnynhCY MOIIIHOCTH COOTBeTCTByeT TeO

peTuqeCKH npeJlCK83biBaeMOMy, Ha OCHOBaHRH R3MepeHHll_ MOJKHO cnenaTh 

BeChMa onpeneneHHbiH BbiBon, qTo. TennoBoe paciiiupeHne nnyTOHHSI ·He o6ec

nequaaeT yKa3aHHOI'O Bhiiiie nnHaMuqecKoro a~~eKTa peaKTRBHOCTH. CJKaTue 

o6onoqKu ( nonoJKuTenbHaSI opnnHaTa Ha puc. 5, 7) B. MOMeHT HMnynhca, aa

perucTpupoBaHHoe Ha naTquKe N91, BRJlHMo, o6ycnoBneHo uaru6oM TB3n'a 

BCnencTBRe HepaBHOMepHOCTR TennOBbiJleneHRSI B nonepeqHOM ceqeHHR cep

neqHUKa. BoaMOJKHO, qTo uaru6 ·TBana •H SIBnSieTCSI npuquHoii. oTpuuaTenhHO-

I'O CKaqKa peaKTHBHOCTH; 0JlH8KO npoBeneHHblll aHa.1IH3 R3-3a i HeJlOCTaTKa 

sKcnepuMeHTanhHbiX naHHbiX He noaBonSie'r noKa OJlH03HaqHo onucaTh peanh

Hyro KapTRHY JlRH8MHKRTB3n1aH ,KHHeTHKH .peaKTOP;8 B.• .. MOMeHT TennOB9I'O' 

ynapa. B ·CBSI3R c TeM, qTo sKc.nepuMeHTanhHO. o6HapyJKeHHhle.-:aq,ciJeKTbi oKa-

3biBaiDT B.1IRHHHe Ha ~H3RqeCKRe XapaKTepHCTHKH HMnynhC}IbiX peaKTOpOB 1 RX 

6eaonacHOCTh, ycToiiquBOCTh pa6oTbi u JKRByqecTh TB3n' a 6ynyT npoBeneHhi 

nononHnTenhHbie uccnenoBaHRSI Ha peaKTope HEP-30, 
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H CJlBHr IIO.!IO)I(eHrrg M8KCHMyMa liM-

MeXaHH3M~ MOlliHOro oTprruaTenhHoro 

HMIIY.!IhC8, 3HaqeHHe KOTOporo OUeHH~aeT

TH •. C IIOMOlllhlO TeHaoqyBCTBHTe.!IbHbiX Jl8TqH

oHapHbie rrpoueccbi B cTanhHOfi o6onoqKe, Terrno- _ 
. I 

'a) BO BpeMg H rrocnE!l HMrry.rrbca. TeH30JlaTqHKH 

Th o6onC>•IKH cTep)I(Hg, HaXOJlHBlllerocg H_a' pac

JlBYX TOK8X ero MeJlH8HHOfi rrnoc-
. 0 
(Ngl) H IIOJl yrnoM 90 K Hefi (Ng2 ). 

CBOefi qaCTIT, B TO BpeMg_KaK BepXHITfi ero 

rrpoJlO.!lbHbiX Kone6aHrrfi o6onoqKrr ( oTprru·a..:. 

Ha prrc. 4-7 COOTBeTCTByeT yJl.iiiTHeHITIO 060- -
-3 

rrprr Harr6onblllefi aMnnrrTyJle 3•10 MM, qTo 

g c pacqeTHhiMrr 3HaqeHrrgMrr, rronyqeHHhiMIT no· 

a6niOJlaeMoe ··aarraaJlb!BaHile MaKCHMyMa Ylliirr

K HMrrynhcy MOlliHOCTH cooTBeTCTByeT Teo

Ha OCHOB8HHH H3MepeHHfi MO)I(HO CJlenaTb 

, qTo.TerrnoBoe paclllrrpeHrre rrnyTOHrrg.He o6ec

llHHaMrrqecKoro a<jl<jleKTa peaKTHBHOCTH. C)l(aTrre 

HHaTa Ha pHC. 5,7) B. MOMeHT HMIIY.!IbCa, sa

Ng}, BHilHMo, o6ycnoB(IeHo rrarrr6oM TBSJI'a 

TerrnoBbiJleneHrrg B rrorrepeqHoM ceqeHHH cep

.TBana 'H gBngeTcg rrprrqrrHofi . oTprruaTenbHo

rrpoBeJleHHhifi 8H8.!IH3 H3-38 HeJlOCT8TK8 

II03BOngeT IIOK8 0JlH03HaqHo OIIHCaTh peanb-_ 

H ,KrrHeTHKH .peaKTopa B.-.MOMeHT TerrnoBoro ' " I ~ 
' • '.. . -l 

8KCIIeprrMeHTanbHO o6Hapy)l(eHHhle .-· a<fJtf>eKT.b! OKa-

XapaKTepHCTHKH HMIIynhCHbiX peaKTOpOB, HX 

Pa6ou,r H )I(HByqecTh TBSJI' a 6yJlyT rrpoBeJleHhi 

peaKTope MBP-30. 
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Detecto1. N2 

100 

2oo ?-sec 

Pnc.5. Kone6aHHSI cTanbHoii ·o6onottKII TB3n' a' B pe>KnMe peAKnx nMnynbcoa; · 

AeTeKTOp N92. 
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Puc.5. Kone6aHHSI cTanbHOii ·o6ono'IKH TB3n' a· B pe>KHMe peAKHX HMnynbcos; 
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Puc.6. XapaKTep saTyxaHHSI npoAonbHhiX Kone6aHHii o6onotiKH TB3n'a, ' 
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TiepBaSI npoBepKa B03M?)I{HOCTI 

BCUhllliKH Heii:TpOHOB, I'eHepHpOBaHHO 

nynbCOM aneKTpOHOB OT MHKpOTpOHa 

C Tex nop .r:tanbHeii:lllaSI paooTa I1EF 

HOM H peaKTOpHOM pe)I{HMax. BpeM~ 

.HCnonb30Banocb .r:tnsr ero HHTeHCHBHI 

Bcero CHCTeMa "I1EP + MHKpoTpoH 

3000 'l:a_cOBj napaMeTpbi STOll CHCT1 

Tat5J 

XapaKTepHCTHKH !IH)I{eK 

TiapaMeTp 

8Hepi'HSI liH)I{eKTHpyel\l.hiX B 

MHllleHb aneKTpOHOB 

ToK aneKTpOHOB Ha 

MHllleHb B HMnyn~ce 

DnHTenbHOCTb HMnynbca 

aneKTpOHOB 

4aCTOTa nOBTOpeHHSI 

HMnynbCOB 

Cpe.r:tHSISI MOillHOCTb t5ycTepa npH 

nonylliHpHHe BCUhllliKH Heii:TpOHOB 

3 MKC9K 

DnnTenbHOCTb aenpephmaoro 

UHKna paoOThl . 
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flepBaSI rrpoaepKa B03M?.lKHOCTH yMHO.lKeHHSI B ·1QQ-2QQ pa3 KOpOTKOll 

acrrhiiiiKH HeiiTpoHoB, reHepnpoaaHHoii B 'UeHTpe aKTHBHoii aoHbL 11BPa HM
rrynbcoM aneKTpOHOB OT MHKpOTpOHa.'. Ohina CllenaHa B 'Ha'lane 1965 I', 

181 

C Tex rrop llanbHeiiiiian paooTa HBPa rrponcxollnna rrorrepeMeHHo B 6ycTep

HOM R peaKTOpHOM pe.lKHMaX, .BpeMSI,_ KOI'lla MHKpOTpOH He paoOTan Ha 11BP, 

JICIIOnb30BanOCb llnSI ero RHTeHCHBHOI'O HCCnellOBaHHSI H COBepiiieHCTBOB8HRSio 

Bcero CRCTeMa "11BP + MRKpOTpOH" rrpopa6oTana Ha 9KCIIepnMeHT OKOno 

3000 'la_coa; rrapaMeTpbi aToii cncTeMbi rrpnaelleHhi ·a Ta6nnue 1 
/10,11,12/ 

Ta5nuua 

XapaKTepncTHKH HH.lKeKTopoB n 5ycTepoB J1Hct> 

IlapaMeTp 

3Hepi'HSI RH.lKeKTHpyeMbiX B 

MHllieHb aneKTpOHOB 

ToK aneKTpOHOB Ha 

MHIIIeHb B RMrryn~ce 

llnHTenbHOCTb RMIIynbCa 

aneKTpOHOB 

qaCTOTa IIOBTOpeHRSI 

RMIIynbCOB 

CpellHSISI MOIDHOCTb 5ycTepa rrpn 

rronymHpHHe BCIIbllliKH HefiTpOHOB 

3 MKCeK. 

llnHTenbHOCTb HerrpepbiBHOI'O 

UHKna pa50Tbl . 

11BP c 
MRKpOTpOHOM 

24-30 Maa 

60-80 Ma 

1,7-1,9 MKCeK 

-1 
ceK 50 

1:-1,2 KBT 

100-200 qac 

15 

AHBP-30 c 

J1Y3-40 

···~ ... ~·# 

44 Maa 

180 Ma 

1,8 MKCeK 

-1 
100 ceK 

20-30 KBT 



.. 

TipenenbH8SI MOmHOCTb CHCTeMbl B 6ycTepHOM pe:lKHMe 6hma JlOCTHI'

HyTa He TOnhKO yBenH~eHHeM.TOKa aneKTpOHOB1 HO T8K:lKe C IIOMOmbiD yBe

nH~eHHSI JlHSMeTpa ypaHOBOfi MHllleHH. C 10 MM1 K8K 3TO 6hmO BH8~ane,Jl0 15MM1 

~TO COCT8BnSieT 3 JlH8MeTpa ny~Ka. TiocnenHee npHBeno K TOMY 1 ~TO Bbi

XOJl HefiTpOHOB·C MHllleHH JlOCTHP ~BOePo.npenenbHOPO SHa~eHHSI 

-2 HefiT. . 
1,5"10 an-:- npH 3HepPHH aneKTpOHOB 30 MaB • .UnHTenbH8SI pa6oTa c 

MHKpOTpOH0:::1/ IIOKaSana, ~TO BpSIJl nH MO:lKHO O:lKHJl8Tb yBenH~eHHSI B HeM 

TO~a ycKopeHHbiX aneKTpOHOB CBbillle 100 M8 B HMIIYnhCe. B CBSISH C 3THM 

6binO llpHHSITO pellleHHe neMOHTllpOB8Tb MHKpOTpOH H BOCIIOnbSOB8TbCSI JlnSI 

HH:lKeKUHH aneKTpOHOB B HEP-30 paspa6oTaHHhiM K HaCTOSIIIIeMy BpeMeHH 

nHHefiHbiM yCKOpHTeneM nYo-40. 

nHHefiHhlfi yCKOpHT~nb 6yneT YCT8HOBneH BepTHKanbHO B peKOHCTpyH

pOB8HHOM sane H8Jl peaKTOpOMo TiapaMeTpbl yCKOpHTenSI H 6ycTepa C 

nYo-40 ]:l8IDTCSI B · Ta6nHUe 1. 

EonbliiOe BHHM8HHe o6pameHO Ha MHllleHb nHHefiHOPO ycKOpHTenSI, OT 

. KOTOpofi S8BHCHT slf>!fleKTHBHOCTb npeo6paSOB8HHSI aneKTpOHOB B HefiTpOHblo 

TipoBe]:leHHhie TennolfJHSH~eCKHe pac~e\'bi H 3KCnepHMeHTbi H8 aneKTpOHHOM 

ny~Ke MHKpOTpOH8 IIOSBOmmH Bbi6paTb oin:,HManbHYID KOHCTpyKUHID MHllleHH 

nn.SJ ycnOBHfi ee pa6oTbl B aKTHBHOfi SOHe MBP-30. B Ka~eCTBe MaTepHana 

MHllleHH nnaHHpyeTCSI HCIIOnbSOBaHHe TyPonnaBKHX COe]:lHHe~Hfi nnyTOHHSI. 

MHllleHb 6yneT oxna:lK]:laTbCSI Pasoo6paSHbiM PenHeM HHSKOPO naBneHHSI. O:lKH-
, . . 0 

naeMaSI MaKCHManbHaSI TeMnepaTypa o6ono~im MHllleHH OKano 800 C.· .UaH- .. _,. 

Hble ny~Ka nYo~40 KaK pas IIOS~OnSIIDT HCIIOnbSOB8Tb J1EP-30 B 6ycTepHOM 

pe:lKHMe no~TH Ha npenenhHOfi MomHOCTH. B peaKTOpe HFP-30, B OCHOBHOM, 

.noBTopSIIDTCSI. npHHUHIIHanhHhie KOHCTPYKTHBHbie peweHHSI HEP·a:. OnHaKo,nnSI 

pa60Tbi Ha cpenHefi MOmHoCTH 20 +- 30 KBT H o6ecne~eHHSI yno6Hofi aKcnnyli

TaUHH peaKTOpa B 6onee TPYllHOfi panHaUHOHHOfi o6CT8HOBKe KOHCTpyKUHSI 

CHnhHO oTnH~Ha B neTanSIX~ YBenH~eHHe Teniioc'beMa c aKTHBHOfi SOHbi no

CTHP~To yMeHbllleHHeM tmaMeTpa TB3noB H yBenH~eHHeM. pacxona Bosnyxa 
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no 300 M /~ac. · MoiiiHOCTb, BhiJ:lenSieMaSI B 

npenenSITbCSI nopOBHY Me:lKllY llBYMSI BKna]:l! 

~ecKaSI cxeMa peaKTopa nosBOnHT ocymec 

6ofi ~aCTOTOfi·IIOBTOpeHHSI HMIIynbCOB- OT 

16 
nynhCOB c aHepPHefi 10 nen~ Hop~anbHa 

ypaHOBbiX BKna]:lbilllefi BOSMO:lKHa nHlllb B TC 
. . . -5 

HOCTH OTnH~8IDTCSI He 6onee, ~eM Ha 10 

BO BKna]:lbllli8X Bbi]:lenSieTCSI He · paBH8:9 MOll 

C· He06XOllHMOfi TO~HOCTbiD llp8KTH~eCKH H€ 

npenycMoTpeHbi Mepbr nnSI ¢HSH~ecKofi 6an 

Y~HThiBaSI neyna~aoe KOHCTpyKTHBHOE 

soHhi Ha KO:lKyxe llHCKa. B HEPe,. aa · HEP

cMeHbi MeXaliH~eCKOfi ~aCTH peaKTOpa 6es 

OcHOBHhie xapaKTepHCTHKH HEP-30 1 

.· HycK peaK Top a naMe~en Ha 2;;.fi r.<~apTan · 

Ta6nHua 2 

XapaKTepHCTHKH peaKT· 

CpellHSISI Tenno6a.st MomnocTb 

MomnocTb B HMnynbce npH ~acToTe 5 ce 

KomrqecTBO nenenHfi na HMnynbc 

TionywHpHH8 Hr:_myzihca MOIIIHOCTH npH ~ac 
5 CeK-1 . • • 

3¢¢_eKTHBHOe BpeMSI :lKHSHH [lefiTpOHOB ]:leJ 

06'beM aKTHBHOfi SOHbl 

TIOTOK 6biCTpbiX HefiTpOHOB B aKTHBHOfi SC 

BO BpeMeHH 

To :lKe,. B MaKCHMyMe H~mynbca · 

YTe~Ka Teii-!IOBbiX HefiTpOHOB c no:o3epxaoc 

SaMellnHTenSI (cpe]:lHSISI BO BpeMeHH) 

TionywHpHH8 llMIIYnhCa TellnOBbiX HefiTpOl 

17 



B 6yCTepHOM peJKHMe 6hma JlOCTH:r'-

M TOKa aneKTpOHOB, HO TaKJKe C nOMO!IlblO yBe

C 10 MM, KaK 9TO 6binO BHa'Iane,.noJ5MM, 

Ilocne.nHee npnBeno K ToMy, 'ITO Bhi-

.nocTHI' ~Boero.npenenbHoro 3Ha'IeHH£ 

f'HH aneKTpOHOB 30 ~9B. nnnTenbHa£ pa6oTa C 

MO:lKHO O:lKHJlaTb yBenH'IeHH£,B HeM 
,J 0 

100 Ma B HMnynbce. B CBSJ3H C 9THM 

MOHTHpOBaTb MHKpOTpOH H BOCnonb30BaTbC£ .nn£ 

pa3pa60TaHHhiM K HaCTOSJ!IleMy BpeMeHH 

ycTaHOBneH BepTHKanbHO B peKOHCTpyH

IlapaMeTpbl ycKopnTen£ H 6ycTepa c 

Ha MHIIIeHb nnHellHO:r'O YCKOpHTen£, OT 

Tb npeo6pa30BaHH£ aneKTpOHOB B HeHTpOHhi. 

H 9Kc:nepHMeHThl Ha aneKTpOHHOM 

HnH Bbi6paTb Ori:T.HManbHyiO KOHCTpyKUHIO MHIIIeHH 

aKTHBHOll 30He HBP-30. B Ka'IeCTBe MaTepnana 
' 

aoBaHne TyronnaBKHX coe.nnHeHnll: nnyTOHHSJ. 

£ raaoo6pa3HhiM renneM HH3Koro naBneHHSJ •. 0JKH-
. ' 0 

a o6ono'Iim MHIIIeHH OKOnO 800 C.· naH-

noa~onSJIOT ncnonb30BaTb HBP-30 B 6ycTepHOM 

MOUIHOCTH. B peaKTope HBP-30, B ocHOBHOM, 

KoH.cTpyKTHBHhie pellleHH£ HBPa. O.nHaKo»nng 

20 ~30 KBT n o6ecne'IeHHSJ yno6Holl: SKcnnya

pa.nnaunoHHoll: o6cTaHOBKe KOHCTpyKUHSJ 

YBenn'IeHne Tennoc'heMa c aKTHBHoll: 30Hhi no

Tpa TBBnoB n yBenn'IeH.neM pacxona Boanyxa 

16 
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JlO 300 M /'laC.· ~OIIIHOCTb, BhiJlenSJeMaR. B nOJlBH:lKHOll' 30He, 6y.neT pac-• . . . - ~ 

npeJienSJTbCSJ nopOBHY Me:lKAY JlBYMSJ BKna.nhiiiiaMH U3 U-..235 • KnHeMaT.n-

'IeCKa~ CXeMa peaKTOpa n03BOnHT OCyllleCTBHTb pa60TY npaKTH'IeCKH -C ni0-

6oll: 'IaCTOTOll noBTOpeHHSJ HM~ynbCOB.- OT 100 CeK~ 1 
JlO OJlHHO'IHhlX HM

nynb~OB c ~Hepr.nell: 10
16 nen. Hop~anbHa£ nonepeMeHHa£·pa6i:>Ta· ABYX· 

ypaHOBbiX BKnaJlhllllell B03MOiKHa nHIIIb B TOM cny'Iae, KO:r'Jla HX a<jl!fleKTHB-
-5 . 

HOCTH OTnH'IaiOTCSJ He 6onee, 'IeM Ha 10 en.peaK.; · B npOTHBHOM cny'Iae· 

5o .BKnaJlhiiiiax BhiJlenSJeTc£ fie paBHaSI MOlliHOCTb. HaroToBneHne BKnanhiiiiell: 

C He06XOJlHMOll TO'IHOCTblO npaKTH'IeCKH HeB03MO*Ho; BCne~CTBHe ~TO:r'O 

npeJlyCMOTpeHbl Mephl Jln£ <jJH3H'IeCKOll 6anaHCHpOBKH BKna,t:;hiiiiell:. 

Y'IHThlBaSJ Heyna'IHOe KOHCTPYKTHBHOe pellleHne KpenneHHSJ aKTHBHoll: 

aoHhi Ha KOJKyxe JlHCKa B HBPe,_. Ha · HBP-30 npenycMoTpeHa B03MOJKHOCTb 

CMeHhl MeXaHH'IeCKOll 'IaCTH peaKTOpa 6e3 paa6opKH aKTHBHOll 30Hhi. 

'OCHOBHhle xapaKTepHCTHKH HBP-30 npencTaBneHhl B Ta6nliue 2. 

IlycK peaKTopa HaMe'IeH Ha 2,;_ll: l.{;':apTan 1969 rona. 

Ta6nnua 2 

XapaKTepncTHKH peaKTOpa HBP-30 

CpeJlHSJ£ TennoBa£ MOIIIHOCTb 
-1 

~OIIIHOCTb B HMnynbCe npn 'IaCTOTe 5 CeK 

Konn~ecTBo neneHnll: Ha HMnynbc 

IlonyiiiHpHHa HMnyribca MO!IlHOCTH npH 'IaCTOTe 
5 CeK-1 . 

3!fJ!fleKTHBHOe BpeM£ :lKH3HH gell:TpOHOB .neneHHSJ 

06'beM aKTHBHOll 30Hhl 

IlOTOK 6hiCTpbiX Hell:TpOHOB B aKTHBHOll 30He, cpeJlHHll 

BO BpeMeHH 

To JKe, B MaKCHMyMe HMnynbca · 

YTe'IKa Ten~OBhiX Hell:TpOHOB c noaepXHOCTH 

3aMeJlnHTen£ (cpeJlHSJSJ BO BpeMeHH) 

IlonyiiiHpHHa HMnynbca TennOBhlX H~llTpOHOB 

17 

·30 KBT 

150 ~BT 
16 

no 10 ·.nen. 

50 MKCeK 

-8 10 CeK 

3 n 

1013 H 

CM2CeK 

16 H 
5•10 :-:-:-2'"CeK · CM 

10 H 
6•10 . CM2 CeK 

90 MKCeK 

" 
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4>H3!flleCKHe HCCnellOB8HH51, BbiiiOnHeHHbie H8 6aae peaKTOpa MoP H CHCTe

Mbl l1oP-MHKpOTpOH1 OTHOC51TC51. K cnegyiOIUHM 4-M HanpaBneHHHM:. 

1, l13y'IeHHe HeHTpOHa K8K aneMeHTapHOH 'I8CTHUhli OUeHKa nonHpH~ 

ayeMOCTH HeHTpOHa B aneKTpH'IeCKOM none ggpa ·/
131

; HOB~H Me~Oll H3Me-
- I . 

u u /14/ 6 
peHH5l B3aHMoueHCTBHH HeHTpoa-aneKTpOH ; nepBoe Ha nroueaue ynhTpa~ 

xonollHhix_..H:eitTpOHOB (cKopoCTb 5 MiceK) 1 .OTKpbiBaromux nepcneKTHBY cy-

mecTBeHHOPO nOBbillieHH5l TO'IHOCTH H3MepeHH51 pacnaua HeHTpOHa H ePO 

/15/ 
·aneKTpH'IeCKOPO llHnOnbHOPO MOMeHT8 

2. HuepHa5l ~H3HK8 1 B oco6eHHOCTH HccneuoBaHuH 

HaHCOB: pa3pa60TKa cnoco6a nonHpH38UHH HeHTpOHOB C 

HeHTpOHHbiX peao-
. \ 4 /16/ 

aaepPHeit 1-10 aB ; 
'"':-tl' -~ 

npuMeHeHH5l nongpH30B8HHbiX HeHTpOHOB H nonHpU30B8HHbiX SI,(lepHbiX MHllie-

HeH gng pemeHHH aKTyanbHOPO BOnpoca 0 CnHHOBOH 38BHCHMOCTH paCC~5IHH5l 
u /17/ . . " .. 

HeHTpOH-ueHTOH H onpeueneHHH CnHHOB HeHTpOHHbiX pe30HaHCOB POnb- , 

/18/ 
uccneuoBaHH5l a - pacnaua Boa6y:lKueHHhiX cocT05lHHH ggep 1 MHH 

u /19 20/ 
np051Bn5liOlliHXC5l B BUlle HeHTpOHHbJX pe30HaHCOB 

1 
i. H3y'IeHUe XapaK-

TepUCTHK HeitTpOHHbiX pe30H8HCOB 6onblliOPO qucna Mep1 B TOM qifcne ge-

. /21/ . 
n51IUHXC5l 1 H T.u. 

3 •. 3aua'I!l
1

· B8:lKHbie gng ggepHOH 3HepPeT!lKil: ll3MepeHue HeHTpOHHbiX 

cneKTpOB
1 

'o6paayromuxcg npll pacnpocTpaHeH!lH aeitTpOHOB ueneHH5l B cpe-
/22/ . . . 

uax · . ; ce'IeH!l5l aaxBaTa ll ueneH!l5l ll llX OTHomeH!le un51 Ba:lKHeitm!lX 
• • u /23/ 

gen511IlllXC5l ggep B lliHpOKOH. o6naCTil 3HepP!lll ~ i !lCCneuOB8Hil5l a4J~eKTa 

nonnnepa B ypaHe ~ o6naCTil npoMe:lKyTO'IHbiX 9HepPilH HeHTpOHOB H . Tello 

4., ctl!l3~Ka KOHlleHCHpOB8HHbiX Cpeu 1 ·pa3BHT!le MeTOll8 ll3y'IeHH5l llll~ 

paKUHil aeitTpoHOB no BpeMeH!l nponeTa 1 noaBonuBmePo nony'IRTb paapeweaue1 

. /24/ 
.nyqme llOCTHPHyTOPO Ha CT8UHOHapHbiX peaKTOpaX i npRMeHeHue 9TOPO 
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MeToua gng R3y'IeH!l5l llll~paKUilll HeHTI= 

MaPH!lTHhiX nonHx ( TaKRe nong MOPYT 

. KllX !lMnynbCOB ll uu~paKU!lOHHhie H3Me 

MO:lKHbl Ha CT8UHOHapHbiX peaKTOpax) i 

KOCTeit, KpllCTannoB, npuMeceit · B KilllC' 
) . 

:lKilllKOCTeH ll MaPHeT!lKOB MeTOllOM KBt 

... /25126127128/ 
HenTpOHOB H T,g, 

B yKa3aHHbiX HanpaBneHR5lX nony

muxcg liH60 COBepllieHHO HOBbiMH 1 n!l6C 

cpaBHeH!liO C H3BeCTHb!Mil paHee ll8HHb 

HOCTb npoBeueHH5l 9THX HCCneUOBaHHH 

pa~l1oP KaK HCTO'IHHKa HeHTpOHOB un 

'""''t<·· 

§2. 11BP 

MBP-2 npoeKTilpyeTC5l KaK MHOP' 

PyT 6a3!lpOB8TbC5l MepHbie' HCCneuoBa: 

cpeu MeTOll8Mil HeHTpOHHOH ~H31lK!l 1 a 

Hhie, aanpuMep, c !layqea~eM !lMnynbc 

Y.CTaHOBKa · BKniO'IaeT B Ce65l liM! 

TpOHaX nep!lOllH'IeCKOPO geHCTB!l5l·C :lK 

CHnbHOTO'IHbiH nuHeHH!>IH llHllYKUilOHHbll 

9KCnepuMeHTanbHbie ycTpOHCTBa (p!lC, 

llBYX Bap!laHTaX: 

a) ny'IOK aneKTpOHOB OT yCKOpll' 

MellleHHYIO B UeHTp aKTHBHOH 30Hbl no 

Topa - 6ycTepHbiH pe:lKHMi 

6) peaKTOp !lCnOnb3yeTC51 6e3 HH 



\' 

6a3e peaKTopa MBP n cncTe- .. 

cneayiOIUHM 4-M HanpaBneHHSIM: · 

sneMeHTapHoii: .'laCTHUhii oueHKa nons:pn~ 
/13/ '' u ' 

none s:apa . ; HOBbiH MeTOll H3Me-
/14/ ' i 

; nepBoe Ha6niOlleHne ynhTpa-

.OTKpbiBaiOIUHX nepcne~THBY ... PY

pacnaaa Heii:TpoHa n ero 

Heii:TpOHHbiX pe30_;, 

Heii:TpOHOB C 
' I 4 /16/ 

sHeprneii: 1-10 SB ; 
~ ~_.,: 7' • 

II nonSipH30BaHHbiX SillepHbiX MHIIIe~ 

0 CllHHOBOH 3aBUCHMOCTH pacc~~~HSI 

CllHHOB Heii:TpOHHhlX pe30HaHCOB ronb~ 

pacnaaa B036Y:1KlleHHbiX COCTOSIHHH Sillep, 
/18 20/ 

pe3oHaHCOB ' ; n3y'!eHne xapaK-

6onhiiioro qucna Slllep, B TOM qifcne ae-

H3MepeHHe Heii:TpOHHbiX 

HHH Heii:TpOHOB lleneHUSI B Cpe-

H HX OTHOIIIeHUe llnSI Ba:1KHeii:IIIHX 
/23/ ' 

.~ ; uccneaoBaHHSI s¢¢eKTa 

9Heprnii: Hei1:TpOHOB H Tollo 

cpea. pa3BHTne MeToaa n3y'leHHSI an¢

nponeTa, no3BonnBIIIero nony'!HTh pa3peiiieHne, 

i24/ 
; · npnMeHeHne sToro 

18 
f/ 

____ , 

\ 
I 

I . 
I: 
~. 

] 
I 

t 
1· 

1 

l 
t 
~ r·.] t 

I· 
~~ 
t" 
'l 

.-·-· 

MeTOlla llnSI H3y'!eHHSI llH!lJpaKilHH Heii:TpOHOB B MarHeTHKaX npH 60nbiiiHX . ' ' 

MarHHTHhlX nons:x (TaKue nons: MoryT reHepupoBaThCSI TonhKO B BUlle pea-
• 

. KHX UMnynhCOB H llH!lJpaKUHOHHbie H3Mep~HHSI C HHMH npaKTH'leCKH -HeB03-

M0:1KHbl Ha CTaUHOHapHbiX peaKTOpax); . nay'leHHe aTOMHOH llHHaMHKH :1KHll

KOCTei1:, KpUCTannOB 0 npnMeCeii:. B KpHCTannax, KpHTH'leCKOro COCT<;>HHHSI 

:1KHllKOCTei1: H MarHeTHKOB MeTOllOM KBa3Hynpyroro II Heynpyroro pacceSIHHH 
.... ' /25,26,27,28/ 

HenTpOHOB H T.ll. 

B yKa3aHHbiX HanpaBneHHHX nony'!eH uenbiii: PSill pe3ynhTaToB·, · SIBnSIIO

mnxcH nu6o coBepiiieHHo HOBbiMH, nu6o cymecTBeHHo. 6onee. TO~Hbxil.m no 

cpaBHeHniO c H3BeCTHbiMH paHee aaHHbiMH. B · 3Ha'ln'renhHoii: Mepe B03M0:1K

HOCTh npoBeaeHns: si-n x nccneaoBaHnii: 'o6ycnoBneHa npenMymecTBOM peaKTo

pa~MBP KaK HCTO'IHHKa Heii:TpOHOB llnH Hei1:TpOHHOii: cneKTpOMeTpHH. 

§2. MBP-2 

MBP-2 npoeKTHpyeTCH KaK MHoroueneBaSI ycTaHOBKa, Ha KOTopoii: Mo

ryT 6asnpoBaThCSI SillepHbie· nccnellOBaHHH, nccneaoBaHHH KOHlleHcnpoBaHHbiX 

Cpell MeTOllaMH Heii:TpOHHOii: 4JH3HKH 0 a TaKR<e npnKnallHbie pa60Tbi, CBH3aH

Hbie, HanpnMep, C H3y'leHHeM HMnynhCHbiX paanaUHOHHbiX B03lleHCTBHH. 

YcTaHOBKa BKniO'laeT B ce6H HMnynhCHbiii: peaKTop Ha 6hiCTpbiX· Heii:

TpoHax nepHOllH'leCKOrO Jleii:CTBHSI · C :1KHJlKOMeTannH'leCKHM OXna:1KlleHHeM, 

CUnhHOTO'!HbiH nn:Heii:H!>Iii: HHllYKUHOHHbiH yCKOpHTenh sneKTpOHOB nMY -30 H 

SKcnepn:MeHTanhHbie ycTpoii:cTBa (pn:c. 8). Pa6oTa ycTaHOBKH B03M0:1KHa B 

llBYX Bapn:aHTax: 

a) ny'IOK sneKTpOHOB OT yCKOpiiT_enH HanpaBnHeTCSI Ha MHIIIeHh, ·no

MeiUeHHYIO B UeHTp aKTHBHOH 30Hbl nollKPHTH'leCKOro nynhCHpyiOIUero p~aK

TOpa - 6ycTepHbiH pe:1KHM; 

6) peaKTOp ncnonhsyeTCH 6e3 HH:1KeKTOpa B HMnynhCHOM pe:1KHMe. 

18 
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PeaKTOp 

11BP-2 - peaKTOp, Ha 6biCTpbiX 
239 

THBHOii: 30HOii: H3 Pu (B lfJopMe· ABYOKH 

B SKCnnyaT8UHH 30Hbl CT8UHOH8pHOI"O peal 

Aeii:CTBHe peaKTopa o6ecneqnBaeTCR aa·cq 

peaKTHBHOCTH CHCTeMbl nyTeM nepeMeiUeH 

HHID K 8KTHBHOii: 30He. 

AKT.IIBHaR • aoHa peaKTopa npeA' 

rnecTnrpaHHHK, Ha6paHHhlii: na KacceT Tnna 

rOM 27 MM (pnc. 9). KacceThi BCTaBneHhi 

cTanbHyiD nnnTy. B KamAoii: KacceTe no 7 

ABYX KOHU8X H AHCT8HUHOHHpOB8Hbl npOBOn 

8KTHBHOH qaCT.II TBana COCTaBnReT 40 CM. 

71 pa6oqag KacceTa. DeperpyaKa KacceT ' 

repMeTnqHoCT.II Kopnyca peaKTopa;oTpa6oT 

pacxonamnBaiDTCR B cpeAe HaTpHR B npoc, 

7 UeHTpanbHbiX gqeeK 30Hbl _38HHM8eT K8H8J: 

ayeTCR AnR paaMeiUeHHR MHJ:iJeHn nnHeii:Hor 

nyqeHHR o6paauoB. MnrneHb pacnonaraeTCl 

30Hhi. B KaqecTBe MaTepnana MHIUeHH Ha 

OXnaml{aeMbiii: He38B.IIC.IIMbiM H8TpHeBbiM KC 

AKTHBH8R 30HB p83MeiUaeTCR B ABYX' 

paHCTBO MemAy CTeH8M.II RBnReTCR KOHTpO. 

cnymnT AnR noAaqn ropgqero B03Ayxa npn 

CTopoHbi rnecTnrpaHHHKa aanmmeH'hi BonblfJI 

80 MM1 .BbinOnHRIDlli.IIM.II pOnb Op1"8HOB per~ 

KH oxnamAaiDTCR BO~AYXOM. ,K Han6onbrneil 

·K8IDT OCHOBHOii: nOABH)I(HbiH OTpamaTenh H 

maTenb, pacnonomeHHbie coocHo._ PoTophi 

21 
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PeaKTop •· 

HBP-2 p98KTOp Ha 6b!CTpbiX HeiiTpoHaX C KOMnaKTHOll BK-
239 ( . ) 

THBHOH 30HOH H3 Pu B tflopMe· !tBYOKHCH nnyTOHHSI THna HCnbiTBHHOH 

. /29,30/ B aKcnnyaTaUHH 30Hbi cTaUHOHapHoro peaKTopa BP-5 . . •. 11MnynhcHoe 

.neilcTBHe peaKTopa o6ecne~HsaeTCSI aa cqeT nepHO.AH~ecKoro H3MeHeHHSI 

peaKTHBHOCTH CHCTeMb! nyTeM nepeMeiUeHHSI ~8CTH OTpamaTenSI no OTHO!Ue

HHID K BKTHBHOH 30He. 

·AKTHBHBSI ·aoHa peaKTOpa npe.ncTaBnSieT co6ou. aenpaBHnbHbiH 

llleCTHrpaHHHK, Ha6paHHbiil Ha KacceT THna KacceT peaKTopa BP-5 c Ilia

roM 27 MM ( pHC, 9) •. KacceTbl BCTasneHbl C HaTSII'OM B HH:lKHIDJ() onopHylO 

cTanbHyro nnHTY. B Kam.noil KacceTe no 7 Tsanos; T'aanbl aaKpenneHbi Ha 

.ABYX KOHUaX H .ltHCT8HUHOHHpOB8Hbl nposonOKOll i:tHaMeTpOM 0,5 MM, Bb!COTa 

aKTHBHOll ~8CTH TBana COCTaBnSieT 40 CM, B aKTHBHOll 30He pacnonaraeTCSI 
. . 

71 pa6o~aSI KacceTa, ileperpyaKa KacceT ocymeCTBnSieTCH 6ea Hapyll!eHHH 

repMeTH~HOCTH Kopnyca peaKTopa; oTpa6oTaBll!He KacceTbi nepe.n BbirpyaKoil 

pacxona:lKHB8IDTCSI B c'pe.ne HaTpHH B npOCTpaHCTBe Halt aKTHBHOH 30HOH, - / . . . 

7 UeHTpanbHb!X gqeeK 30Hbl. 3aHHM8eT KaHan, HH:lKHSIH ~8CTb KOTOpOI'O-HCnOnb-

ayeTCH .nnH paaMeiUeHHH MHilleHH nHHeilHoro ycKOpHTenH, sepXHHH - .nng o6-

ny~eHHH o6pa3UOB,- MHll!eHb pacnonaraeTCH · Ha nonOBHHe Bb!COTbl BKTHBHOH 

30Hbl, B Ka~eCTBe MaTepHana MHill9HH Ha · nepBOM STane Bbi6paH BOnbtflpaM, 

OXnam.naeMblll _He3aBHCHMbiM HaTpHeBbiM KOHTypOM, 

AKTHBHag 30Ha paaMeiUaeTCH B !tBYXCTeHHOM CTanbHOM KOpnyce: npoc~ 

paHCTBO Mem.ny CTeH~MH SIBnHeTCH KOHTpOnbHbiM Ha np5JTeKaHHe HaTpHH H 

cnymHT .nnH no.na~H ropgqero soa.nyxa npH paaorpese annapaTa, BoKOBbie 

CTOpOHbl ~eCTHrpaminKa 38IUHIU9Hhl BOnb¢paMOBblt_1H 6noKaMH TOniUHHOH 

80 MM, BbmonHSIIDIUHMH ponb opraHoB perynHposaHHH, Bo~b¢paMOBbte 6no

KH OXnam.naiDTCSI BOailyXOM, ,K HaH60nbll!eH CTOpOHe lli9CTHrpaHHHKa npHMbi

·KaiDT OCHOBHOH nO.ABH:lKHblll OTpamaTEWb H .AOnOnHHT9nhHblll nO.ABH:lKHblll 0Tpa7' 

:lKaTenb, pacnonomeHHbie COOCHO, POTOpb! nO.ABH:lKHb!X OTpamaTelJeil HMeiDT 
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PHc.9. CxeMa aKTHBHOii 30Hbi pe,aKTopa. 1 -. naKeT TennoBbiJlensuonmx ane
MeHTOBi 2 - MHllleHb ycKOpHTen5Ii 3 - OCHOBHOll IIOJlBH)KHblll OTpa
)KaTenhi 4 - JlOnonHHTenhHbiii noJlBH)I(Hbiii o1-pa)KaTenl:>; 5 - ceKUHO-. 

HHpOBaHHbJe BOJUIHble 3aMeJlnHTenH; 6.- "xonOJlHbiii" 3aMeJlnHTenbi 

7 - · oTpa)KaTenh "xonoJlHOro" ::iaMeJlnHTenSI; 8 -· KaHan riHeBMonoq
Tbi a. oTpa)KaTene; EAC - cTep)KHH 6biCTpoJleiicTayiOmeii aaapHiiHoii 

3a!llHTbi; MAC - cTep)KHH MeJlneHHOii aaapHiiHoii 3alllHTbi; KC - KOM

neHCHpyiOmHe cTep)KHHi TIP - npotvte)KyTO'IH~rfi p~rynSITop; AP - aa-

ToMaTH'IeCKHii perynSITOp. 
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TpH TpaiieUeHJlanbHblX BblCTyiia1 OJlHH H 
. . 

Tenb, a .naa .llPYrHx cny)KaT .nnSI 6anaHc 

120 CM1 TOn!llHHa OCHOBHOro OTpa)KaTen 

BH)KHOrO OTpa)KaTenSI IIpHBOJlHTCSI BO Bp 

~neKTPOllBHraTeneM nepeMeHHoro TOKa. 

)1(8TenSI npOHCXOJlHT OT. Toro )1(9 llBHraT 

nepeJlaTO'IHbiM OTHOllleHHeM. BMecTe c 

HbJii· oTpa)KaTenb He spamaeTcSI, nony'la 
. ~ . 

BaHH.ii HMIIynhCOB peaKTOpa - 50,25,10, 

.HbiX oTpa)KaTeneii BMeCTe c JlBHraTenet~ 

KOCT9HHbiH repM9TH'IHbiH. KO~yx, 38IIOn.fl 

B npHHSIToii cxeMe pacnono)KeHHSI 

KC-2 rrpeJlHa3Ha~eHbi AnSI ·KOMIIeHcauHH 

r? a!j>!j>eKTa · peaKTHBHOCTH, a npOM9)KYT< 

ro H3M9H9HHSI peaKTHBHOCTH IIpH ny.cKe 

TOp (AP) nepeMe!llaeTCSI npHBOJlOM' OT 

Manoii HHepuHoHHOCThiO. EeGonacaocTb 

·6noKaMH aaapHiiHoii 3a!llHThi, o6meii a!j>¢ 

(EA3) llpHJ:IO.QSITCSI B JleifCTBHe rHJlpaBnJ 

JleiicTBHSI. Cpa6aTbiBaHHe 6biCTpOJleiicTa: 

THBHOCTh EA3 0,4%) npoHC~OJlHT Me)K.Q) 

0,02 ceK. BbiBOJl MeJlneHHOJleiicTBYIOllleii 

lll9CTBnSie.TC.SI IIOJl ll9HCTBH9M C06CTB9HHC 

TpOMarHHTOB. 

CHcTeMa oxna)K.QeHHSI aKTHBHOii 3C 

CHCTeMoii cTaUHOHapaoro peaKTopa EP-: 

HOCTb B T9'19HHe pnHTenbHOH 9KCIInyaTa 

TypHaSI liayxneTneaa.SI. B nepsoM H aTop 
~ - .' .. 

9TC.SI )KHJlKHH HaTpHii, B TpeTb9M S03.1l 
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pe!J.KTopa, 1 -. naKeT Tennoshi.ttensuonmx sne
•v.-.vnr"'TenS!; 3 - OCHOBHOH UOABHlKHb!H OTpa

UOABHlKHbiH .OTpalKaTenb; 5 - CeKUHO-: 
Me.ttnnTenn; 6 - "xono.ttHhiii" aaMe.ttnnTenh; 

oro" aaMe.ttnHTenSI; 8 -· KaHan nHesMonoq-
- CTeplKHH 6hiCTpOAeHCTByiOIIIeH asapHHHOH 

HH Me.ttneHHoii asapnii:Hoii aaiiiHThi; KC - KOM

; ITP - npoMelKyTO'lHr:Iii perynSITop; AP -as-

22 

TpH TpaneueH.ttanbHhiX BbiCTyna, OAHH H3 KOTOpb!X. - C06CTB9HHO OTpalKa

Tenh, a risa APYI'HX cnylKaT AnSI 6anaHca. PaAHYC llOABHlKHOI'O OTpalKaTenSI 

120 CM, TOniiiHHa OCHOBHOI'O OTpalKaTenSI 6,5 CM (pHC, 9 H 10), PoTop llOA

BHlKHOI'O OTpalKaTenSI UpHBOAHTCSI BO BpameHHe CO CKOpOCTbiO 3000 o6/MHH, 

sneKTpOABHI'aTeneM nepeMeHHOI'O TOKa, BpaiiieHHe AOUOnHHTenbHOI'O OTpa

lKaTenSI npOHCXOAHT OT TOI'O lKe ~BHI'aTeng qepe3 · peAyKTOp C nepeM_eHHbiM 

nepeAaTO'IHbiM OTHOIII9HH9M, BMeCTe C T9M cny:aeM, KOI'Aa AOUOnHHTenb

HhiH· OTpalKaTenb He BpamaeTCSI0 nonyqaeTCSI 4 B03MOlKHhiX. '18CTOTbl cneAo

BBHH.Il: HMnyn&cos peaKTopa - 50,25,10, 5 HMnynhcos/ceK, PoTOpbi nOABHlK

HbiX OTpalKaTeneif BM9CTe C ABHI'aTeneM .H peAyKTOpOM 3aKniO'I9Hbl B TOH

KOCT9HHhiH repMeTH'IHbiH. KO~yx,.-aanonHeHHbiH renHeM, 

B npHHSIToii cxeMe pacnonolKeHHSI perynSITopos perynSITOphi KC-1 H 
. . . . 2~ 

KC-2 npeAHaaHa'leHbi AnSI KOMneHcauHH . BhiropaHHSI Pu H TeMnepaTypHo-

r? a<fl!fleKTa peaKTHBHOCTH, a npoMelKyTO'IHhiii perynSITop ITP - AnSI nnasHO.:. 

ro H3MeHeHHSI peaKTHBHOCTH npH nypKe peaKTopa, AsToMaTH'IeCKHH perynSI-: 

Top (AP) nepeMemaeTCSI npHBOAoM· oT maroa oro_ ABHraTenSI, o6naAaiOmero 

Manoii HHepUHOHHo.cTbiO, BeaonacHOCTb peaKTopa o6ecne'IHBaeTcSI 'leThipbMSI 

.6nOK8MH asapHHHOH 38IIIHTbl 0 06IIIe·ii s<fl<fleKTHBHOCTblO 3,2%, H3 KOTOpb!X ABa 

(BA3) UpHBOASITCSI B AeH.CTBHe I'HApasnntieCKOH MBIIIHHOH UOCTynaTenbHOI'O 

AeiicTBHSI, Cpa6aThiBaHHe 6hiCTpoAeiicTBYIOIIIe:ii asapniiHoii aamHThi ( a<fl!fleK-. . 
THBHOCTb BA3 0,4%) npOHC~OAHT M9lKAY HMUynbCBMH MOIIIHOCTH 38 BpeMSI 

0,02 ceK, BhiBOA MeAneJIHOAeiicTsyiOIIIeii asapHiiHoii aamHThi ( MA3) ocy

mecTsnSieTcSI UOA AeHCTBHeM co6CTB9HHOH TSilK9CTH npH OTKniO'IeHHH aneK-

TpOMBI'HHTOB, · 

CHCTeMa oxnalKA9HHSI 8KTHBHOH 30Hbl l1BP-2 B npHHUHne CXOAHa C 

CHCT9MOH CTBUHOHapHOI'O peaKTOpa BP-5, KOTOpaSI AOKaaana CBOIO HaAelK;_ 

HOCTb a Te'IeHHe AnHTenbHOii aKcnnyaTaUHH, CxeMa oxnalKAeHHSI - TpexKoH

TypH~SI asyxne:neB~SI,_B nepBOM H BTOpOM KOHTypax TennOHOCHTeneM SIBnSI-

eTCSI lKHAKHH HaTpHH, B TpeTbeM soaAyx. .llsyxneTnesaSI cxeMa npHHSITa 
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Pnc.10. BepTnKanbHbi:fi paapea peaKTopa MEP-2. l - KaRim MHIIIeHH ycKo-
pnTenR; 2 - poTop noABH*Horo oTpa*aTenR; 3 -. aKTHBHaR ao-
H.a; .4 - rnnponpHBOA CT8P*Heii 6hiCTpo:fi aaapHHHOH. aaiUHTbli . 
5.- :3KCnepHM8HTanbHbiH KaHan AnSI He:fiTpOHHOrO ny'IKa;; 6 -. Illll-
6ep aKcnepnMeHTanbHOro KaHana; 7 - TennoaaR H pannaunoHHaR 
3aiUHTa; 8 - npHBOA IIIH6epa; 9 ~ KaHan UeHTpanbHOH nHeBMOITO'I
Tbli 10 - BHyTpeHH.II.II 6eTOHHa.II 6nonoruqecKa.II 3aiiiHTa; 11 - OT
KaTHa.II aaiiinTa c oTpa*aTenRMH n aaMennnTenRMH; 12 - aneK
TpoHoaon;_ 13 - MarHHTbi noaopoTa aneKTpOHHOro nyqKa. 
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na coo6pa*eHH:fi 6eaonacHOCTH. 

AOCTaTO'IHa llnR o6ecne'leHH.II pa 

MOIUHOCTH. UnpKynRUHR HaTpHR 

A8P*HBaTbC.II . aneKTpOMarHHTHbU 
. 0 . 

ne B aoHy 300 C, Ha BbiXOAe -
) 

He:fi MOIUHOCTH 4 MBT "" 120 T/• 

B npoeKTe ·cucTeMbi. oxna}l 

BaiOIIIHe eCT8CTB8HHYIO UllpKynSill 

OHHblX HaCOCOB H3 CTpO.IIo 

0CHOBHbl8 xapaKTepHCTHKH 

XapaKTep 

CpellHRR Tennoaag MOIUHOCTb 

MoiUHOCTb · B HMnynbce 

) -1 
a npn 'lacToTe 5.ceK 

6) npn qacToTe 50 ceK 
-1 

MoiUHOCTb , BbiAenReMaR., Me*AY 

·MoiUHOCTb, ·BbiAenReMa.II B no6o• 
npn qacToTe 5 ceK-1 . , . 

3HeprHR HMnynbca npn qacToTe 

YTe'IKa HeilTponoa n3 peaKTopa 

yron 4" 

llonyiiiilpHHa JIMnynbCa MOIUHOCT 
5 CeK -1 

3~eKTJIBHOe BpeM.II *ll3Hil HeH1 

. 06'beM 8KTHBHOH 30Hbl 

KaMnaHnR. p.eaKTopa npn HOMJIHB 
AO BbiropaHH.II 5% 



I .. ; 

;.' 

s 

,'1 

. I 

paapea peaKTopa l1BP-2. l - KaHan MHllleHH ycKo
poTop llOABii)I{HOI"O OTpa)l{aTenSI; 3 -- aKTHBHaSI 39-

CTep)I{HeH 6hiCTpoii anapHiiHoii· aalliHTbi; 
.,HMeHTanbHb!H KaHan AnSI HeiiTpOHHOI"O ny'lKa;: 6 - lllli-

HMeHTanbHOI"O KaHana; 7 - TennOBaSI H paAHaUHOHHaSI 
llPHBOA IIIH6epa; 9 - KaHan UeHTpanbHOH nHeBMOllO'l

IIBHYTPeHHSIR 6eTOHHaSI 6HonorH'lecKaSI aalliHTa; 11 - oT
c OTpa)l{aTenSIMH 11 aaMeanuTenSIMH; 12 - sneK

nonopoTa sneKTpOHHoro ny'lKa. 

24 

113 coo6pa)l{eHHH 6e3onaCHOCTH. llpOH3BOAHTenbHOCTb OAHOH neThH OyAeT . -

AOCTaTO'lHa anSI o6ecne'leHHSipa6oTocnoco6HOCTHpeaKTOpa npH llOHH)I{eHHOH . 
MOIIIHOCTH. UHpKynSIUHSI HaTpHSI a nepaoM H ~TopoM KOHTypax 6yaeT noa-

aep)I{HBaTbCSI sneKTpoMaf'HHTHbiM~ HacocaMHo TeMnepaTypa HaTpHSI Ha nxo-
. - 0 0 

ae a 3oHy 300 C, Ha ahlxoae - 400 C. Pacxoa TennoHOCHTenSI npu cpea-

Heii MOIIIHOCTH 4 MaT "" 120 T/qac. 

B npoeKTe CHCTeMbi. oxna)l{rieHHSI npeaycMOTpeHbi ycnoBHSI, o6ecne'lH

naromue ecTeCTBeHHYIO UHpKynSIUI:IlO HaTpHSI B cnyqae BbiXOAa peuHpKynSIUH-

OHHbiX HaCOCOB 113 CTpOSI. 

OcHOBHbie xapaKTepHCTHKH peaKTOpa npHBOASITCSI a Ta6nHue 3. naH~ 

•Ta6nHua 3 

· XapaKTepHCTHKH peaKTopa l1BP-2 

CpeAHSISI TennoBaSI MOIIIHOCTb 

MomHoCTb B HMnynbce 

a) npli 'laCTOTe 5. CeK 
-1 

6) npH 'laCTOTe 50 CeK 
-1 

MomHoCTb , abiAenSieMaSI. Me)l{ay HMnynbcaMH 

· MomHOCTb, · abiAenSieMaSI B no6o'lHbiX HMnynbcax 
npH 'l~CTOTe 5 ceK-1 , . 

3HeprHSI HMnynbca npu qacToTe 5 ceK-1 

YTe'lKa HeiiTponon H3 peaKTopa a TeneCHbiH 
yron 4" 

llonylliHpHHa HMnynbCa MOIIIHOCTH npH 'laCTOTe 
5 CeK -1 

3¢¢eKTHBHOe BpeMSI )I{H3HH HeHTpOHOa 

06t.eM aKTHBHOH 30Hbl 

KaMnaHIISI p.eaKTopa npH HOMHHanbHOH MOIIIHOCTH 
AO Bbii"OpaHHSI 5% 
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4 MaT 

7700 MaT 

700 MBT 

0,22 MaT 

\. 
0,026 MaT 

16 . 
2,5·10 aenenHii 

1,(5·1017 
__ H_ 

CeK 

90 MKCeK 
.;.8 

4,2•10 CeK 

17,9 n 

1000 CYTOK 



... 

Hbie nony'leHbi pac'leTHbiM nyTeM c npHMeaeaHeM nporpaMM MeToa.a Moa-
/31/ . . - • 

Te-Kapno ; OHH IIO!lTBep~AaiDTCR pe3ynbT8T8MH KpHTH'IeCKOH c6opKH 

peaKTopa. 

3KcnepHMeHTanbHbie ycTpoficTBa 

PeaKTOP pacnonaraeTCR B ueJ:iTpanb~OH 'laCTH 6HonorH'IeCKOll 3arim

Tbi, BbiTIOnHeHHOH B ima.e ABYX KOHUeHTPH'leCKHX Koneu ( pi:IC, 11). flpocT

paHCTBO Me~AY KOnbU8MI:I 3aml!Thl npeAH83H8'1eHO a.nR pa3MemeHHSI 9KCIIe

pHMeHT8nhHOI'0 o6opya.oaamig, 0HO cny»mT TaK~e MeCTOM MOHTa~a H a.e

MOHTa~a CTaUHOHapHbiX OTpa~aTenefi, BOARHblX 3aMea.nuTenefi, IIHeBMOIIO'IT 

H T,ll,, ycTaHaBnHBaeMblX Ha OTK8THblX 3amHTHblX ·Tene~KaX, BHemaee KOnh-

0 ' UO 6eTOHHOH 3amHThl Ha 270 OXB8TblB8eTCR 9KCIIepHMeHTanhHhlM aanoM C 

·. 2 
nnomaa.hi> 2600 M • 

B noa.peaKTOpHOM .rroMemeHHH pacnonaraeTCSI KOHe'IHaR tiaCTh aneKTpo

HOBOAa mmefiHOI'O ycKOpllTenR H OTKnOHRIDmHe M8I'HHTbl 1 pa3BOp8'11lBaiDmHe 

nyqoK aneKTpOHOB Ha 90° (pHC, 10). 3aMea.nHTenH ycTaHaBnHB8IDTCSl B ·3a

mHTHblii UHI6ep, KOTOpblll C IIOMOmhiD. MeXaH!l3M8 TpaHCIIOpTHpOBKil. IIO!l yr~ -:--

noM 40° K rop!l30HTanH BBO!l!ITCR BO BHyTpeHHIDlO rronoCTh 3amllThl T8K
1 

'ITO • . ' . 

3aMea.nHTenh pacnonaraeTCR B Henocp~ACTBeHHOH 6nH30CTil oT . oTpa~aTenefi 
pe£1KTopa. CxeMa ropa30HTanhHbiX KaHanoB a.nR BbiBOAa H~fiTpOHHbiX. nyq~WB 
u pacnono~ealle 3aMea.nHTenefi BOKPYI' aKTIIBHOH ·30Hbi peaKTOpa !l3o6pa~e
Hbi Ha pic! C. 11. 3aMea.naTenll 1,2 ,4 - BOARHbie, Ka~Ablll COCTOIIT H3 Ite3a-

'\ . . 
BllC!lMblX ceKUHH,. 'ITO II03BOngeT ll3MeHRTh HX TOnmllHY (35,45,55 MM) a.nR 

o6ecrre'leHHR onTitManhHbiX ycnoaHfi BbiXOAa ~ell:TpOHOB B Tpe6yeMOM aaep .:.. 

reTil'leCKOM a.Hana3oHe. CHcTeMa KOHTypoa aT!l~ 3aMea.nHTenefi no3aonSieT 

ocymecTBnSITh roMoreHHOe "oTpaaneHHe"· 3aMea.nHTenR ·H nro6ofi e·r:o CeKUIIH 

He3amicHMO. 3aMea.nHTenh 1, pacnonaraeMbifi 3a noa.sn~HbfM oTpa)l(.aTeneM, 

npea.nonaraeTCR HCIIOnh30B8Th B OCHOBHOM K8K HCTO'IHllK pe30H8HCHhlX aefi-
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1 
.2. 

PHc.1 ~. CxeMhi 3amHTl 
peaKTOpa l1EP 
3aMea.nHTenh 1 

TpOilOB; 4 - 3 

oTpa~aTenh; E 
noBbie aefiTpOl 

UeHTpe. aKTIIB~ 



nyTeM c npHMeHeHHeM nporpaMM MeTOJla MoH

ep~JlaroTCll pe3yllbT8T8MH KpHTH~eCKon c6opKH 

3KcnepHM9HT8llbHbl9 ycTpOHCTBa 

aeTCll B UeHTpallb~OH ~aCTH 6HOliOrH~e6Koft 3ama

e JlBYX KoaueHTPH~ecKHX Koneu (pHc. 11). llpocT

H 3aiUHTbl npeJlH83Ha~eHO Jlllll pa3MeiUeHHH 9KCne-

8Hllllo 0HO i::ny~HT TaK~e MeCTOM MOHT8)K8 H Jle-

OTpa)KaTenen, BOJlllHb!X 38MeJlliHTellefi, llHeBMOllO~T 

Ha OTK8THbiX 38IUHTHb!X Telle)KK8X. Baemaee KOilb-

9KCnepHMeHT8llbHhlM B81IOM C 

_noMemeHHH pacnonaraeTcn KOHe~aan ~aCTb :aneKTpo

OTKnoanromne MarHHTbl, pa3BOpa~HB8IDIUH8 

90° (pHC. 10). 3aMeJlliHTeliH ycTaHaBliHBaiDTCll B ·3a

bln C llOMO!UbiD. M8X8HH3M8 TpaHCllOpTHpOBKH llOJl yr-
....,----

. . . 

H BBOJlHTCll BO BHyTpeHHIDIO llOliOCTb 38lUHTbl TBK, ~T<;l 

eTCll B Henocp~JlCTBeHHOH 61IH30CTH OT. OTpa)KaTenefi 

H30HT8llbHb!X K8H81IOB Jlllll Bb!B0Jl8 HefiTpOHHbiX ~y~KOB 

BOKpyr 8KTHBH0n ·30Hbl peaKTOpa H306pa)Ke-

1 ,2,4 - BOJlllHbie, KB)KJlbln COCTOHT 1!3 }Je3a-

II3M8HllTb !IX TOliiUIIHY (35,45,55 MM) Jlllll 

YCliOBHH Bb!X0Jl8 ~efiTpOHOB B Tpe6yeM.OM. 9Hep ..!. 

CIIcTeMa KOHTypoB :aTII~ 3aM.eJlliiiTenefi no3BonneT 

"OTpaBneaiie"· 3aMeJlliiiTenn ·II nro6ofi er:o ceKUIIII . . 

1, pacnonaraeMbiH 3a noJlBII)KHbiM oTpmKaTeneM, 

OCH9BHOM K8K !ICTO~HIIK pe30H8HCHb!X aen-
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1 
2 

Al~JA-A 

f5t~· 

16 

Pac.1 ~. CxeMbi 3amHTbi n ropH30HTan;>HbiX :aKcnepiiMeHTanbHbiX KaHanoB 

peaKTopa HEP-2. 1 - ·3aMeJlliiiTenb pe3oHaHCHbiX ·m3fiTpoaos; 2 -' 

38Me)lll!ITellb TellliOBblX HefiTpOHOBj 3 - IICTO<iHIIK XOliOJlHbiX Hen

TpOHOBj 4 - 38MeJlliHTellb TellliOBblX HefiTpOHOBj 5 - CT8UIIOH8pHbiH 

oTpa)KaTenb; 6 - BoJlnHofi 3aMeJlliHTenb; 7 - naeBM.ono~Ta Ha Ten

noBbie aenTpOHbl j 8 - llHeBM.OllO~Ta H8 6biCTpb!e HenTpOHbl - B 

UeHTpe 8KTIIBf.!OH 30Hbl i HOM. epa Jl8Hbl B Kpy)KK8X. . 
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TpoHoB. OH npocMaTpnsaeTCSI rpeMSI ropn3oHTanhHbiMH KaHanaMH. AHaMeT

poM 200 MM, HMeJOIIIHMH 6a3bJ· 1000 H 500 MeTpOB. 3aMeAnHTenH 2 H 4 6y

JJ.YT cnyxmTb HCTOqHHKaMH TennOBblX.. H HaATennOBblX HefiTpOHOB. 0HH npo

.cMaTpHBaiOTCSI ~UeCTblO ropH30HTanbHblMH KaHanaMH . JJ.HaMeTpOM 200 MM H 

2-MSI1 HaKnoHHbiMH AHaMeTpoM 150 MM. KaHanhi 1 H 9 npeAcTaBnSIIOT BMec

Te CKB03HOH TaHreHIJHanbHbiH KaHan, KOTOpblll MO)!{eT ucnonb30BaTbCSI, Ha-
~ . . . 

npHMep, AnSI pa6oT Ha ."HefiTpOHHOM ra3e" (u3yqeHHe napaMeTpOB (n, n} -. 

paCcesiHHSI) • 06a 9THX. KaHana MOHTHPYIOTCSI B 3aiiiHTHbiX OTKaTHblX. BCTaB-

KaX, qTO no3aonSieT npH Heo6XOAHMOCTH opHeHTHpOBaTb HX Ha 3aMeAnHTenH 

4 H 2 • .UnSI reHepaUHH HefiTpOHOB, ·o6orallleHHbiX xonOAHbiMH HefiTpOHaMH 

( ).. > 4 -~ ) , 3a BOASIHblM. 3aMeAnHTeneM 6 pa3MelllaeTCSI )!{ijAKOBOAOPOAHbiH 
. . " 3 : 

saMeAnnrenh c o6'beMOM )!{HAKoro BOAopoAa B KaMepe 1000 eM • .UnSI ero 

oxna)!{AeHHSI ncnonbsyeTCSI rasoo6pa3Hbifi renufi c BXOAHOfi TeMneparypofi 

11 ,5°K. MaKCHManbHaSI reMneparypa BOAopoAa B KaMepe cocTaBnSieT 23-24%; 

ero KHneHHe 
ycTpaHSieTCSI 3a 'cqeT nOAAep)!{HBaHHSI B KaMepe 3aMeA1IHTenSI 

AaBneHHSI OKOnO 4 aTM. Q)!{HAaeTCSI, qro cpeAHSISI TeMnepaTypa HefiTpOHOB, 

noKHAalOIIIHX 3aMeA1IHTenb, COCTaBHT 50°K.·XonoAHbiH 3aMeAmtTenb npocMaT

pusaeTCSI ropH30HTanbHblMH KaHanaMH ( 4,5,6) AHaMeTpOM 150 MM • .UnSI yBe-

o6Cy)!{AaeTCSI · . B03MO)!{HOCTb 
nHqeHHSI' BbiXOAa HaATennoBbiX HefiTpOHOB 

ycTaHoBKH aa peaKTope ropSiqero saMeAnnrenSI. B Kaqecrse MaTepuana AnSI 

ropgqero saMeAnnrenSI npeAnonaraeTCSI HCnonb3osaTb Be 0 npH ,TeMnepa-

o Type 1800-2000 C, pasorpeB KOToporo 6yAeT ocyllleCTB1ISITbCSI sa cqeT 

nornollleHHSI SIJJ.epHbiX u3nyqeHHfi peaKTopa. 

TipenycMaTpHsaeTCSI ycraHOBKa Tpex naesMonoqT. O)!{HAaeMbie HHTeHCHB

aocTH HefiTpOHHhlX nOTOKOB npHBOASITCSI B Ta6nHUe 4. 

'(; 
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Ta6n 

XapaKrepHCTHKH He~ 

1. TioroK rerrnoBbiX Iiefirpo,:!oB: 

a) ~ noBepXHOCTH 3aMeAnH 
(cpeAHHfi no BpeMeHH) 

6) C noBepXHOCTH 3aMeAnH 
(cpeAHHfi,no BpeMeHH) 

B) B KaHane nHeBOMOnOqTb 
(cpeJJ.HHH no BpeMeHH) 

r) C nosepXHOCTH·3aMeAnH 
MaKCHMyMe HMnynbca J;Ip 

A) B CKB03HOM TaHI'eHUHal 
MaKCHMyMe HMnynbca 

2. Tionyrnupuaa HMnynbca Tenno 

a) B 3aMeAnHTenSIX 2,"1:,6 

6) B KaHane nHeBMonoqTbi 
3aMeAnurene 

3. TIOTOK HefiTpOHOB B HHTepsan 
0,46 9B r1 9B C nosepXHOCTE 

0 
4. TioTOK HefiTpOHOB c A = 5A 

~onoAHoro" saMeAnnrenSI B M 

HefiTpOHOB 

5. TIOTOK 6biCTpbiX HefiTpOHOB C 
JJ.O 10 Mas B ueHTpanhHOM K< 
CpeAHHH no BpeMeHH .. 

fll1Y -30 - JiH)!{€ 

B K~qecrse HH)!{eKTopa Bbi 
,. 

cpaBH8HiilO C yCKOpHTenSIMH T~)!{ 
\}-

llleCTBeHHO npollle 1i HaAe)!{Hee B 



TpeM5! ropH30HT8nbHb!Mii KaHanaMii AliaMeT-

H 500 MeTpOB< 3aMeann:Tenn 2 n: 4 6y-

•nnoBbl.l\.. n: HaATennoBhiX .HefiTpOHOB. OHII npo

HTanbHhiMii KaHanaMH. ARaMeTpOM 200 MM H 

MM. KaHanhi 1 n 9 npeacTaBn51IOT ~Mec

KaHan, KOTOpbl~ MO:>KeT HCnOnb30BaTbC51, H8-

ra3e" (n3y'leHne napaMeTpOB (n,.n'} -. 

MOHTHPYIOTCSI B 3aiiiHTHbiX OTKaTHblX BCTaB

IPXOAHMOCTH OpHeHTHpOBaTb HX Ha 3aMe}:lnHTenn: 

·o6orallleHHblX XOliOJlHbiMH HefiTpOHaMH 

neM 6 pa3MemaeTC51 :>KHJlKOBOJlOpOJlHb!H 

BOJlOfJOJla B KaMepe 1000 CM 
3

• Jlng ero 

"'""~nA~HbiM renHfi C. BXOJlHOM TeMnepaTypofi 

BOJlOpOJla B KaMepe COCTaBnSieT 23-24CJ<; 

nonnep:>KHBaHHSI B KaMepe 3aMennHTenSI 

eTCSI, 'ITO cpeJlH5151 TeMnepaTypa HefiTpOHOB, 

aBHT 50°K.·XonOJlHbiM 3aMeJlnHTenb npocMaT-

150 MM. Jlng yBe-

o6cy:>KnaeTc51 B03MO:>KHOCTb 

•u""" 3aMet:lliHTeng. B Ka'leCTBe MaTepHana nnSI 

npH TeMnepa-

ocymecTBn51TbC51 3a c<IeT 

peaK Top a. 

Tpex llHeBMOllO'lTo 0:>KH)laeMbie HHTeHCHB

llpiiBOJlSITCSI B Ta6nn:ue 4. 

" 
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Ta6nHua 4 

XapaKTepHCTHKH HefiTpOHHhiX ny'IKOB • Ha I1 EP-2 

1. TIOTOK TennOBbiX HefiTpOi!OB: 
I 

a) c noBepxHocTn 3aMennnTeng 6 
(~peJlHHM no BpeMeHH) 

6) C noBepXHOCTH 3aMeJlnHTenefi 2 H 4 
(cpeJlHHfi.no BpeMeHH) 

B) B KaHane nHeBOMOnO'lTbl 7 
(cpeJlHHM no BpeMeHH) 

r) C noBepXHOCTH 3aMe)lnHTenSI 6 B 

MaKCHMyMe HMnynbCa npH.'laCTOTe 5 1/ceK 

A) B CKB03HOM TaHreHUHanbHOM KaHane B 
·MaKCHMyMe HMnynbCa 

2. TI onyumpnHa HMnynbCa TennOBbiX HefiTpOHOB: 

a) B 3aMeAnHTenSIX 2,'1,6 

6) B KaHane llHeBMOnO'lTbl H B "xonOAHOM" 

3aMeJlnHTene 

3. TIOTOK HefiTpOHOB B HHTepBane 9Heprnfi 
0,46 9B f- 1 9B C noBepXHOCTH 3aMennn.TenSI 

0 
4. TioToK HefiTpOHOB c A = 5A c noBepxHOCTH 

'xononHoro" 3aMennHTenSI B MaKcnMyMe nMnynbca 

HeHTpOHOB 

5. ilOTOK 6hiCTpb!X HefiTpOHOB C 9Heprnefi OT 0,4 K9B 
no 10 MaB B ueHTpanbHOM KaHane nHeBMono<IThi, 

CpeJlHHM no BpeMeHH 

JII1Y -30 - nH:>KeKTOp nng I1 EP..:.2 

12 H 
5,8•10 CM2 ceK 

12 H 
3,5·10 CM2 ceK 

10
13 H 

8 • CM2 CeK 

16 H 
10 CM2 CeK ' 

9•1016 H 

CM2 CeK 

120 MKCeK 

200 MKCeK 

0,4·1012 ~H 
z 

CM CeK 

4,2·10J4 H 

0 2 ' 
A •cCM ceK 

14 __ H 

3•10 CM2 CeK 

B Ka'leCTBe RH:>KeKTopa Bbi6paH aneKTpOHHblfi ycKopnTenb, TaK KaK no · 
, .. 

cpaBHeHHIO C yCKOpHTenSIMH TSI:>KenbiX qaCTiiU OH MO:>KeT 6h!Tb C)lenaH cy-
- ~d 

mecTBeHHO npome n: Hane:>KHee "-'Bt,:·pa6oTe. 
~/ - ,-fl. 
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TipHHUHII JleiiCTBHSI -nl1Y H ero KOHCTpyKTHBHall CXeMa MaKCIIManbHO 
/32 34/ ' u . • 

IIpOCThl ' • nHY rrpeJlCTaBns:IeT COOOH pllll HMIIynbCHbiX TpaHctiJopMaTO- • 

pOB ( TOpOHJlanbHhiX IIHJlYKTOpOB), Jlnll KOTOpbiX sneKTpOHHhiii IIy'IOK, yCKO

ps:IeMhlii BJlOnb OCH HHJlYKTOpa, SIBns:IeTCSI BTOp!I'IHOii OOMOTKOii. TioKa3aHO, . , 
'ITO ,cTOHMOCTb nHY cyruecTBeHH~3~~H)I(aeTCSI, ·a Knn ·ya~nH'IIIBaeTCSI IIPH 

CHH)I(eHHH JlHaMeTpa HHJlYKTOpOB • TiosTOMY Hapy)I(HbiH JlHaMeTp IIHJlyK-

TOp~B nHY -30 no nepMannmo BblopaH 260 MM~ O)I(HJlaeTCSI, 'ITO cpeJlHSISJ 

MOIUHOCTb IIY'IKa nHY -30 COCTaBllT npH 9TOM 15% oorueii MOIUHOCTH sneK-

TporrnTaHHSI ycKopHTens:I. 

TiapaMeTpbl nHY npHBeJleHhl B Taonnue , 5. Yanhi, n3 KOTOpbiX COCTO-

HT nHY -30, HMeiOT cneJlyJOIUlle xapaKTepHCTKH • 3neKTpOHHaSI nyruKa pac

C'IUTaHa Ha n~nynbCHOe Hanps:I)I(eHHe 300-500 KB ll TOK 9MHCCHH C KaTOJla 

300 a. I1HJlYKTOpbi, B Ka)I(JlOM H3 KOTOpblX IIpHpOCT 9Hepl"HH sneKTpOHOB COC

TaBns:IeT 23-25 KSB, 6yJlyT H3I'OToaneHhi na 50% *eneao-HHKeneaoro nepMan

nos:~. I1HJ1YKT0pbl oxna)I(JlaiOTCSl JlHCTHnnHpOBaHHOii BOJlOH. TiepeMai'Hll'IHBaJO-

IUHe HMnynbChl nony'laJOTCSI OT HMnynbCHblX MOJlyns:ITOpOB C llOHHhlMll KOM-

Ta6n11ua 5 

TiapaMeTpbi nHY-30 

3Hepi'HSI sneKTpOHOB 

ToK a nMnynbce 

llnHTenbHOCTb nMnynbCa 

LJ:acTo,Ta noaTopeHHii 

Hapy)I(Hbiii JlHaMeTp nHJlYKTopa 

llnHHa ycKOpHTenll 

MowaocTb sneKTponHTaHns:I ycTaHoBKH (cpellHSIIl) 

MoruaocTh sneKTpoHHoro ny'IKa (cpeJlHSISI) 

LJ:Hcno HeiiTpOHOB B HMnynbCe Ha TOnCTOii 

aepa3MHO)I(aJOIUeii ypaHOBOii MHllleHll 

30 

30. Msa 

250 a 

0,5 MKCeK 
-1 

50· ceK · 

260 MM 

160 M 

,1,35 MBT 

0,2 MBT 

13 -1 
1,2•10 IIMnynbC 

.. 

MyTaTopaMn. B Ka'lecTae HaKe 

Hble HeOJlHOpOJlHbie JlnJiHHhie· n 

c~ OT, SI'IeiiKH K wieiiK;e no on 

eM • I10HHbiMll KOMMyTaTopaMn 

TOp nHTaeT OJlHOBpeMeHHO HeC 
) 

HHH ocyiUeCTBns:IeTCSI OT"HCTO'I 

Jlpoccenb, KOTOphiii o6ecne'IHB. 

pMa. B STOM -cny'lae aanpSI)I(E 

HHKa nHTaHHSI. 

BBriJly.·Gonbmoii JlnHHhi yc 

nOJla'IH YCKOpSIIOlliHX HMnynbCOI 

HlleM sneKTpOHOB 'lepe3 UHJlYK~ 

OCH ny'IKa OT OCH HHJlYKTOpOB 

aaannaaeMhiMn a. pa?pbiaax Me 

KOBbiX BllTKOBo 0TJl~nbHbJe ¢oK 

TaJOTCSI aeaaancnMo. I1a-aa Go 

3eMnri B pa3pbiBaX Me*JlY HH, 

eKTOpHH sneKTpOHOB OT OCR yc 

yiiOMSIHyTOii BbJllle CllCTeMOii T 

KoHTponb aa· ny'IKOM ycK 

JlaT'IHifaMH, H3Meps:IIOIUHMH non1 
. \ 

pacnpe11eneHHe H nono*eHne n; 

CpeJlHSISI MOIUHOCTb 6ycTe 

BUlle 3aBHCHMOCTH OT nonymHp 



o KOHCTpyKTHBHa51 CXeMa_MaKCHManbHO 

co6ofi p5111 HMIIynhCHbiX TpaHC!jlOpMaTO

Jln5I KOTOpb!X aneKTpOHHblll IIY"'OK, ycKO

;C51 aTopH"'HOM o6MOTKofi, HoKaaaHo, 

cHn)l{aeTcn, ·a Krrn ·ysenn"'nsaeTcn rrpn 

I rroaT~MY Hapy)I{Hblll JIHaMeTp HHJiyK-l 

260 MM~ O)I{HJiaeTcn, "'TO cpeAHRR 

T rrpH 3TOM 15% o6mefi MOII1HOCTH aneK,:"' 

B Ta6nnue 5, Y3nhi 1 H3 KOTOpbiX COCT0-

8neKTpOHHa51 rrymKa pac

n TOK 3MHCCUH C KaTO)la 

OTOpbiX IIpHpOCT 3HepPHH aneKTpOHOB COC

Hbl na 50% )i{eneao-HnKenesoro rrepMan

TnnnnposaHHOfi soaofi, ITepeMaPHH"'HBaiO

MOAynnTopoB C UOHHbiMH KOM-

(cpenHsm) 

.30 

30 Mas 

250 a 

0,5 MKCeK 

-1 
50· ceK 

260 MM 

160 M 

.1,35 MBT 

0,2 MBT 

13 -1 1,2•10 HMIIynbC 

MYTaTopaMU, 8 Ka"'eCTBe HaKOIIHTenefi 3HepPHH HCIIOnb3YIOTC51 HCKYCCTBeH-· 
. . . 

Hbie HeOAHOPOAHhie nnnHHhie· nnHHH c eMKOCTHOfi pe~Kunefi H c H3MeHnromnM-

cn OT n"'ellKH K ~efiKe IIO OIIpeneneHHOMy 3aKOHy BOnHOBhlM• COIIpOTHBneHH-. . ' . . 

eM, J1oHHhiMH KOMMyTaTopaMH cny~aT MO~H~Ie THpaTpOHbl, 0AHH MOAymr.:. 

TOp IIHTaeT OJIHOBpeMeHHO HeCKOnbKO HHAYKTOpOB, 3ap51A HaKOIIHTenbH.Oll nn

Hiflf ocymecTBnneTC51 OT-HCTO"'HHKa IIOCT051HHOPO TOKa "'epe3 3ap51J1Hblll 

apoccenh, KOTopbifi o6ecrre"'HBaeT TaK Ha3hiBaeMhifi peaoHaHCHhifi pe:aoi:M aa

pnaa. B aToM cny"'ae Harrpn)l{eHne Ha. nnHHH rrpeshrmaeT Harrpn)l{eHne HCTO"'-

HHKa IIHTaHH51, 

BBiiAy.·6onhmofi AnHHhi ycKopnTenn BBOAHTcn speMeHHan rrporpaMMa 

IIOAa"'H yCKOp5110111HX lfMIIynhCOB Ha HHAYKTOpbi, cornaCOBaHHaH C IIpOXO)I{Jie

HHeM aneKTpOHOB "'epe3 lfHJIYKTOpbl, <floKyCHpOBKa H KOppeKUH51 OTKnO_HeHHll 

OCH IIY"'Ka OT OCH HHAYKTOpOB BbiiiOnHneTC51 KOpOTKHMH coneHOHAaMH, ycTa-; 

HaBnHBaeMhlMH B. pa?pbiBaX Me)I{JIY HHAYKTOpHbiMif CeKUH51Mif- If CHCTeMOll To-· 

KOBbiX BHTKOB, 0TJI~nbHbie !jloKycupyiOm!Ie If KOppeKTHpyiOII1He aneMeHTbl IIH

TaiOTC51 HeaasncuMo,· Ha-aa 6onblllofi nnuBhi ycKopuTenn MaPHHTHoe none 

3eMnH B pa3pbiBaX Me)I{JIY HHJIYKTOpHbiMH CeKUH51MH 6yAeT OTKnOH51Tb Tpa

eKTOpHH aneKTpOHOB OT OCH YCKOpHTeng, 8TO BnH51HHe KOMIIeHCHpyeTC51 

yiiOM51HYTOll Bbillle CHCTeMOll TOKOBbiX BHTKOB, 

. . 
KoHTponb aa · rry"'KOM ycKopeHHhiX aneKTpoHos 6yneT ocymecTsn~-r,bcn 

--
AaT"'H~aMH, H3Mep51I0111HMH IIOnHhlll. TOK aneKTpOHOB, ero IIpOCTpaHCTBeHHOe 

pacrrpeneneHne n rrono)l{eHne IIY"'Ka OTHOCUTenbHO ocn ycKopnTenn, 

CpenHnn MOII1HOCTb 6ycTepa HBP-2 c flHY-30 JiaeTcn Ha puc. 12 B 

BUlle 3aBHCHMOCTU OT IIOnyllllipUHbl UMIIYnbCa, 

·' 
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